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Your cooperation In following those instruction* will 

suable rou to make the maximum rating comment urate with your ability 
—help u s to proceee your lessons promptly and efficiently. 

Scan the CHECKLIST OF TEXTS AND MATERIALS FURNISHED. 
Scan the INTRODUCTION to the subcourse. 

PtGcwsWas) 

--Beginning with Leeeoa 1, ecan the LESSON ASSIGNMENT SHEET. It liete the 
leeeoa title, lesson objective, credit houre required, teste required, and 
euggeetione. 

—When the worde STUDY TEXT follow the Lesson Assignment Sheet, the infor- 
mation you muet digest it found in a text(s), memorandum, pamphlet, and/ or 
other separate material(e). 

—When the worde STUDY GUIDE AND ATTACHED MEMORANDUM follow the 
Leeeon Aeeignment Sheet, the information you muet digest ie either 
--found in texts and In this tube our ee booklet, or 
—found entirely in thie booklet. 

-•When you are referred to a paragraph or an illuetration in a manual, turn to the 
specified paragraph at once and ecan or study the text aeeignment ae directed. 
Continue thie procedure until you reach the LESSON EXERCISE. 

^ttdstt Agsi^dte 

--Study and en ewer e. ch question. 

— CAUTION; Check to ineure that all questions have been answered. 
—Your answer e MUST be based on eubcour % materials, NOT on your experience 
or opinions. 

If you require explanation or clarification of eubcourse materials or queetione, write 
to the U. S. Army Ordnance Center and School, ATTN: Course Development Directorate. 
Constructive comments are appreciated. 

Include NAME and SOCIAL SECURITY ACCOUNT NUMBER on all correspondence. 
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Lesson 3 Compression Ignition and Gas Turbine Engines 

Scope— Principles of diesel, multifuel, and gas turbine engines,^ and a 
comparison of compression ignition and spark ignition engxnes. 

Lesson * Engine Lubricating Systems ^ 

Scope— Principles of lubrication, types of engine lubricating systems, 
military lubricants and lubrication, and effects of weather on 
lubricating oils. 

Lesson 5 Engine Cooling Systems 

Scope— Construction and operation of liquid- and air-cooled engines, 
coolants used, and a comparison of the two types of cooling. 

Examination 
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February 1976 

No texts, other than the Attached Memorandums in lessons, are used in 
support of this subcourse. Therefore, you are not required to return any 
texts to the US Army Ordnance Center and School, 

This subcourse may contain errata sheets. Make certain that you post all 
necessary changes before beginning, 

Np te. - Any references cited in this subcourse are general references and are 
not furnished. 

The following publications were used in the preparation of this sub- 
course : 
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US ARMY ORDNANCE 
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LESSON ASSIGNMENT SHEEI 
Ordnance Subcourse No 607 Engine Principles 

l3»9n 1 Introduction to Internal Combustion 

Engines 

PP?4U HourA Three 

Lft^Wn Qft.lggtivg, After studying this lesson you will 

be able to describe basic engine com- 
ponents, principles of 2- and 
^-stroke-cycle engines, basic engine 
operation, advantages of multicylinder 
engines, engine measurements, output 
and efficiency, and the classification 
of engines. 

Itftt • • * Attached Memorandum 

Materials Required Answer sheet and exercise response 

list. 

Suggestions Hone 

STUDY GUIDE AND ATTACHED MEMORANDUM 

1. INTRODUCTION. The manufacture of automotive vehicles today is by far 
the largest industry in existence in the free world. Nineteen out of twenty 
people, past the age of 1o years, whc reside in the United States either have 
operated or will operate an automotive vehicle. By the same token, four out 
of five people in the United States will at some time own an automotive vehi- 
cle. These vehicles are all propelled by some form of an internal combustion 
engiYie. Considering the effect that the automobile has on our everyday 
lives, it behooves each of us to attain at least a familiarization of the 
operation of an internal combustion engine. 

2. COMPONENTS OF A BASIC ENGINE. An internal combustion engine (fig 1) 
is designed to produce a rotary mechanical motion from the expansion of 
gases. To acccmplish this, there is a requirement for the following compo- 
nents in a basic one-cylinder engine: 

a. Engine block. The engine block is the foundation for mounting 
the required components of an engine. It is normally constructed of cast 
iron and contains a machined cylinder that houses the piston. 
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9 • b. Cylinder and Piston . The piston wall forms a slide fit in the 
cylinder so that it is free to move up and down. The top end of the piston 
is closed and the upper portion of the piston wall is grooved (fig 2) to 
accept rings that assist in preventing pressures created above the piston 
from escaping past the piston walls into the area below the piston. One or 
more of the grooves contain an oil ring, which will be discussed in a later 
lesson, and the other grooves (those nearest the top of the piston) contain 
the compression rings. 




Figure 1. Single-cylinder, 4-stroke- Figure 2. Piston, connecting rod, 
cycle, internal combustion, and piston pin, 

gasoline engine— cutaway 
view. 

c. Crankshaft . The crankshaft serves several purposes as follows: 

(1) It contains an offset called a crank for producing rotary 
motion from the reciprocating motion of the piston. The offset contains a 
machined bearing surface called the crankpin (fig 2) to provide a connecting 
point between the piston and cramcahaft. This type of offset on a shaft 
provides the same type leverage that is gained by using a regular handcrank 
to turn or wind something. Th€ longer the throw is, the greater the leverage 
will be. However, it must be remembered that the length of the throw also 
determines how far the piston must travel up and down, 

(2) The two ends of the crankshaft are provided with machined 
bearing surfaces for securing the crankshaft to the block. These surfaces, 
when mounted with bearings, provide a stable mounting for the crankshaft and 
allow rotary motion with a minimum of friction. 

(3) One end of the crankshaft carries a timing gear for driving 
the mechanism that will open and close the valves at the proper time. 
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(4) The other end has a mounting surface for a flywheel-type 




arrangement. The flywheel provides the momentum required to keep the shaft 
rotating and also has a tendency to smooth out the jerking motion caused when 
the engine fires (passes through the power phase). The flywheel end normally 
provides the mounting surface for connecting the engine to the load it will 
drive. 

d. Connecting rod (fig 2) . The reciprocating (up and down) motion 
of the piston is transmitted to the throw of the crankshaft by a linkage 
called the connecting rod. It is readily understandable that because the 
throw of the crankshaft is rotating and that the piston is not free to move 
sideways, it is necessary to provide a bearing connection on both ends of the 
connecting rod that connects the two items* The piston end of the connecting 
rod contains a bearing surface for the piston pin (commonly called the wrist- 
pin). The pin has a floating mounting on two sides of the piston and passes 
through the bearing surface on the upper end of the connecting rod. The 
crankshaft end of the connecting rod is molded to fit one-half of the bearing 
surface of the crankpin. A bearing cap over the lower half of the crankpin 
bearing surface is bolted to the connecting rod. The clearance of these 
bearing surfaces is critical; if they are too tight they will be improperly 
lubricated, which will cause them to heat and seize, and if they are too 
loose they will soon wear out of round. 

e. Cylinder he^<j . The top end of the cylinder is closed off with a 
cylinder head that is secured to the block with several head bolts which com- 
press the head gasket between the head and block. This arrangement provides 
a seal that prevents any loss of pressures that are created in the cylinder. 
The head also provides passages for the fuel mixture supply and escape of 
exhaust gases. At a point above the piston, the head contains a threaded 
area that accepts a spark plug for providing ignition. 

f. Valve train . The valve train consists of an intake and an 
exhaust valve, valve springs, valve tappets, and camshaft. The heads of the 
valves are designed to fit a valve seat in such a manner that they create a 
metal -to -metal seal when closed. The valve stems project down through valve 
guides in the block (provided to assure stability of valve alinement with the 
seat) and rest on a valve tappet. The valve springs encircle the valve stem 
and provide tension that tends to keep the valve head on its seat. The 
camshaft contains a cam lift, commonly called cam lobe, for each valve. The 
cams are spaced 90° apart. The camshaft gear, which is in constant mesh with 
the crankshaft timing gear, contains twice as many teeth as the crankshaft 
gear and will rotate at one -half the speed of the crankshaft. As the cam- 
shaft rotates, the cams will force the tappets up, thereby forcing the valves 
from their seats. As the camshaft continues to rotate, the cams will move 
away from the tappets and the compressed valve springs will force the valve 
heads back on their seats. 

g. Accessory systems . In addition to the basic components discussed 
above, the following systems are also required: 

(1) Fuel system . A means of nixing fuel and air in correct quan- 
tities. This system must also include the components necessary to convey the 
fuel-air mixture to the cylinders. 

(2) Ignition system . A group of components designed to produce a 
high voltage spark across the spark plug electrodes at the proper time. 

(3) Exhaust system . A group of components designed to convey the 
exhaust gases away from the cylinder, muffle the distinct popping noise of 
combustion, and prevent live sparks from causing a fire* 
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(4) Cooling system . The components required to keep the engine 
block, cylinder head, and valves cool* This can be either in the form of air 
cooling or liquid cooling, 

(5) ^ ybrfoatlon system . A combination of components designed to 
keep all moving parts supplied with the proper amount of lubricant. 

3. THE 4-STROKE CICLE. In 1876 Dr. N. A* Otto applied the principles of 
the 4-stroke cycle (fig 3) to operate a gascline engine. As a result, the 
4-stroke cycle is commonly called the Otto cycle. Frequently we will hear 
the term "4-cycle engine"; however, this is a misnomer and is interpreted to 
in *- strode cycle. 



•OfH VMVfJ 
ClOMO 
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Figure 3. The four strokes in the 4-stroke-cycle gasoline engine. 
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a. General . The terra "^-stroke cycle" pertains to the number of 
tiroes the piston will move up and down between power strokes. The strokes 
are called intake, compression, power, and exhaust and will be discussed in 
that order. At this point, it roust be considered that for each two strokes 
(one up and one down) of the piston, the crankshaft will revolve once* 
Therefore, for each 4-stroke cycle the crankshaft will compile two revolu- 
tions. As the camshaft rotates at one-half the speed of the Crankshaft (para 
2f ) , the cams of the camshaft will lift each valve from its seat once during 
each cycle. 

b. Intake stroke . It is common knowledge that if a piston is pulled 
rapidly from a sealed cylinder, a partial vacuum will be created in the 
cylinder. This principle is illustrated in figure Suction on the straw 
tends to create a pressure in the mouth 

and straw that is less than the atmo- 
spheric pressure surrounding the straw, 
liquid, and glass. Because of this dif- 
ference in pressure, the atmospheric 
pressure against the liquid forces the 
liquid through the straw and into the 
mouth. Applying this principle to the 
intake stroke, it can be :*een that the 
atmospheric pressure in the cylinder 
ahead of the piston tends to decrease 
as the piston is pulled down. At this 
time, the rotation of the carashrft is 
causing a cam to push the intake valve 
up and away from its seat. Atmospheric 
pressure around the carburetor causes 
air to rush through the carburetor horn, 
siphon fuel from the carburetor on its 
way, and rush through the intake mani- 
fold and open valve into the low pres- 
sure area of the cylinder. The fuel- 
air mixture after passing through the 
carburetor is approximately 1 part fuel 
to 15 parts air. As the crankshaft 
continues to rotate it will turn the 
camshaft, thus allowing the intake 
valve to close when the piston is near 
the bottom position and ending its in- 
take stroke* The fuel-air mixture is Figure 4. 
then trapped in the cylinder. 




Partial vacuum pro- 
duced by suction. 



c. Compression stroke . The continued rotation of the crankshaft 
starts the piston on its upward stroke. Due to both the intake and exhaust 
valves being closed at this time, tnere is no escape for the fuel-air mixture 
and it compresses as the piston moves up. This is an opportune time to dis- 
cuss what is mea^t by the term "compression ratio." We often hear that an 
engine has a 7:1 or 10: 1 compression ratio. This means that the volume of 
fuel-air mixture that enters the cylinder during the intake stroke is com- 
pressed during the compression stroke to one-seventh or one-tenth of the 
original volume. As the mixture is compressed its temperature rises, it 
becomes more combustible, and the energy in the mixture is concentrated in a 
smaller area. 



OS 607 , 1-P5 



ERLC 



0 



d. Power stroke . When the piston passes over top dead center (TDC), 
the point where the piston has reached the top of its compression stroke, the 
ignition system will cause a spark to jump between the electrodes of the 
spark plug. The spark plug protrudes through the cylinder head in such a 
manner that the electrodes are in the area where the fuel -air mixture is com- 
pressed. The spark will ignite the mixture. The mixture burns so rapidly 
that it is said to explode. Pressures in the cylinder will approach as much 
as 500 PSI at the peak of combustion. Such pressure acting against the total 
surface of the piston top drives the piston down with terrific force. This 
force is imparted to the crankshaft through the piston connecting rod, 
creating a powerful twist on the crankshaft. 

e. ffxhausfr stroke . Now, the continued rotation of the crankshaft 
will start th. piston on its upward stroke. However, by this time the tiding 
gears have rotated the camshaft so that a cam is pushing the exhaust valve up 
from its seat. As the piston continues upward it forces the burned gases out 
of the exhaust valve through the exhaust pipe and the muffler. When the 
piston reaches the top of its stroke, the camshaft will have turned suffi- 
ciently so that the cam allows the exhaust valve to return to its seat and 
the cycle is ready to start again. 

f . Four-st roke-cvcle engine operation . 

(1) Cold engine starting . When the engine is cold, the starting 
system must pass the piston through several cycles before the engine will 
start. Several things are the cause of this: 

(a) Wuen the engine stands for long periods of tine without 
operating, the lubrication film on the cylinder walls depletes or stiffens if 
the weather is cold. As the piston comes down on the intake stroke a certain^ 
amount of leakage will take place between the piston rings and cylinder 
walls. This reduces the vacuum created which, in turn, reduces the velocity 
of air rushing through the carburetor. 

(b) Also, because the engine is cold, the compressed fuel -air 
mixture at the end of the compression stroke is not of a suitable temperature 
for proper combustion. After the piston passes through several cycles, the 
compression rises. This is due to the oil forming a better seal between the 
rings and cylinder walls. 

(c) After the piston passes through several strokes the 
lubricant is also freed to a certain extent, allowing the starting system to 
rotate the crankshaft faster. 

(d) As soon as the proper conditions exist at the end of the 
compression stroke, the fuel-air mixture will ignite and drive the piston 
down with sufficient force to carry it through the next three strokes and 
repeat the .cycle. 1 

(2) Warm engine starting . When the starting system rotates the 
crankshaft of a warm engine sufficiently to pass the piston through an intake 
and compression stroke, the mixture will normally ignite during the first 
cycle and start the engine. 

4. THE 2-STR0KE CYCLE. 

a. General . In the 2-stroke engine (fig 5), the entire series of 
events takes place during one revolution of the crankshaft. In other words, 
the fuel intake, mixture compression, combustion, and exhaust occur as the 
piston goes up once and comes down once. The 2-cycle engine differs from the 
*Ucycle engine in that oorts on the side of tre cylinder are used in place of 
valves. This deletes the necessity for the entire valve train, including the 
camshaft . 
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Figure 5* Events in a 2-stroke-cycle, internal combustion engine. 

b. Operation. Every other stroke on this type of engine is a power 
stroke. A* the piston moves down on it3 power stroke, it first uncovers the 
exhaust port to let burned gases escape and then uncovers the intake port to 
allow a new fuel-air mixture to enter the combustion chamber. On the upward 
stroke, the piston covers both ports and, at the same time, compresses the 
new Mixture in preparation for ignition and another power stroke. In the 
engine shown in figure 5, the piston is so shaped that the incoming fuel-air 
mixture is directed upward, thereby sweeping out ahead of it the burned 
exhaust gases. Also, there is an inlet into the crankcase through which the 
fuel-air mixture passes before it enters the cylinder. This inlet is opened 
as the piston moves upward, but it is sealed off as the piston moves downward 
on the power stroke. The downward moving piston slightly compresses the mix- 
ture in the crankcase, thus giving the mixture sufficient pressure to pass 
rapidly through %he intake port as the piston clears this port. This 
improves the "sweeping-out," or scavenging, effect of the mixture as it 
enter? and clears the burned gases from the cylinder through the exhaust 
port. 

5. COHPARISON OF 2-STROKE- CYCLE AND 4-STROKE-CYCLE ENGINES. It might 
appear that a 2-stroke-cycle engine could produce twice as much horsepower as 
a 4-stroke-cycle engine of tne same size operating at the same speed. How- 
ever, this is not the case. In order to scavenge the burned gases at the end 
of the power stroke and during the time that both the intake and exhaust 
ports are open, the fresh fuel-air mixture rushes into and through the cylin- 
der. A portion of the fresh fuel-air mixture mingles with the burned gases 
and is carried out the exhaust port. Also, due to the much shorter period 
that the intake port is open (as compared to the period that the intake valve 
in a M-stroke-cyele engine is open), a relatively smaller amount of fuel-air 
mixture is admitted. Hence, with less fuel-air mixture, less power per power 
stroke is produced as compared to the power produced in a 4-stroke-cycle 
engine of like size, operating at the same speed, and with other conditions 
being the same. To increase the amount of fuel-air mixture, auxiliary 
devices are used with some 2-stroke-cycle engines to assure delivery of 
greater amounts of mixture into the cylinder. 
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6, ADVANTAGES OF MULTICY UNDER ENGINES. 



a, Power increase . In early automotive vehicles, 1-cylinder and 
some 3-oylinder engines were used, but the many advantages of a larger number 
of cylinders soon led to the adoption of 4-, 6-, 8-, 12-, and 16-cylinder 
engines. Although the power stroke of each piston theoretically continues 
for 180° of crankshaft rotation, best results can be obtained if the exhaust 
valve is opened when the power stroke has completed about four-fifths of its 
travel* Therefore, the period that power is delivered during 720° of crank- 
shaft rotation, or one 4-stroke cycle, will be 145° multiplied by the number 
of cylinders in the engine. For example, if an engine has two cylinders, 
power will be transmitted for 290° of the 720° of travel necessary to com- 
plete the four events of the cycle. The flywheel must supply power for the 
remaining 430° of crankshaft travel. 

b. Power overlap . As cylinders are added to an engine, each one 
must complete the four steps of the cycle during two revolutions of the 
crankshaft. The number of power impulses for each revolution also increases, 
producing smoother operation. If there are more than four cylinders, the 
power strokes overlap as shown in figure 6. The length of overlap increases 
with the number of cylinders. The diagram for the 6-cylinder engine shows a 
new power stroke starting each 120° of crankshaft rotation and lasting for 
four-fiftha of a stroke or 145°* This provides an cverlap of 25°. In the 
8-cylinder engine, a power stroke starts every 90° and continues for 145°, 
resulting in a 55° overlap of power. Because the cylinders fire at regular 
intervals, the power overlap will be the same regardless of firing order and 
will apply to either in-line or V-type engines. 

7. CLASSIFICATION OF ENGINES. 

*• G qnqral . Automotive engines may be classified according to the 
type of fuel they use, type of cooling employed, or valve and cylinder 
arrangement. They all operate on the internal combustion principle, but the 
application of basic principles of construction to particular needs or 
systems of manufacture has caused certain designs to be recognized as conven- 
tional. The most common method of classification is by type of fuel used; 
i.e. t whether the engine burns gasoline or diesel fuel. 

b. Cooling . Engines are classified as to whether they are air 
cooled or liquid cooled. All engines are cooled by air to some extent, but 
air-cooled engines are those in which air is the only external cooling 
medium. Lubricating oil and fuel help somewhat to cool all engines, but 
there must be an additional external means of dissipating the heat absorbed 
by the engine during the power stroke. 

(1) Air cooled . Air-cooled engines are used extensively in mili- 
tary vehicles as well as in aircraft. This type of engine is used where 
there must be an economy of space and weight. The cylinders are cooled by 
conducting the heat to metal fins on the outside of the cylinder wail and 
head. To effect the cooling, air is circulated between the fins. When pos- 
sible, the engine is installed so that it is exposed to the airstream of the 
vehicle; the baffles direct the air to the fins. If the engine cannot be 
mounted in the airstream, a fan is employed to force the air through the 
baffles. 

(2) Water cooled . Water-cooled engines require a water jacket to 
hold the coolant around the valve ports, combustion chambers, and cylinders; 
a radiator to dissipate the heat from the coolant to the surrounding air; and 
a pump to circulate the coolant through the engine. These engines also 
require a fan to pass air through the radiator because the speed of the vehi- 
cle does not always force enough air through the radiator to provide proper 
dissipation of heat. 
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Figure 6. Power in 1-, 6-, and 8-eylinder engines. 

noaiti« n C Af hhi Y ? grrMfflMMmt- - Engines may be classified according to the 
position of the intake and exhaust valves; that is. whether ch.v ,L (, S. 

bu y t U ^! r bl ? Ck ° P 10 the Cyll0der head - VaSous arra^geSents have been Seed 
but the most common are L-head, 1-head , and F-head (fil 7) .The let te? 

Sft'S StSS - iJsaRi2 , lt r pB of the corabustio " 2L^«i25- the 

JSriSaJst J2v«? ^hf!%^ 1V "' f" 6 camshaft actuates both the intake 

valveTwere S Zh!\i2S VP* su ?P lant *» the T-head, in which both 
valves were in the block but on opposite sides of the cylinder. The dis- 

SSlnJS.!' '"^ w " that " re<3uired two complete valve ojeratinj 

called valvl^n fcSS^* J 2 "* 1 ? 6 V Sing the I_nead construction are commonly 
* a 8 J f ? * n-head or over-head-valve engines, because the valves are 

DUS h th n 0 d CyUn H er h t 3d ab ° V8 thS cylinder.' This arrangement 'guinea a 
: P ' p h pod ; and rocker arm above the cylinder to reverse the direction 
of valve movement, but only one camshaft is required for both valves Some 

el V im r inaSe 3 Va L V e ^fl? " a ? ° f 30 ^•«*t«l%«.hmS' This arrangement 

eliminates the long linkage between the camshaft and valve. 
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Figure 7* L~» and F-head valve arrangements* 

(3) Edtmfl ' In F-head engine, the intake valves normally are 
located in the cylinder head, while the exhaust valves are located in the 
engine block. This arrangement combines, in effect, the L-head and the 
I~head valve arrangements. The valves in the head are actuated from the 
camshaft through tappets, push rods, and rocker arms (I-head arrangement), 
while the valves ir the block are actuated directly from the camshaft by 
tappets (L-head arrangement). 

d. Cylinder arrangement . Automotive engines also vary in the 
arrangement of cylinders In the block, depending on the engine use. Cylinder 
arrangement in liquid-cooled engines is usually in-line or is a V-type; in 
air-cooled engines, it is V-type, radial, or horizontal opposed. 

(1) In-^ine . The vertical in-line cylinder arrangement is one of 
the most commonly used types. All the cylinders are cast or assembled in a 
straight line above a common crankshaft that is immediately below the cylin- 
ders. A variation is the inverted in-line type. 

(2) V-tvpe . In the V-type engine two "banks" of in-line cylin- 
ders are mounted in a V-shape above a common crankshaft. This type is desig- 
nated by the number of degrees in the angle between the banks of cylinders. 
Usually, the angle of the V is 90° for 8-cylinder engines; 75°, 60°, or 4 c0 
for 12-cylinder engines; and **5° or 135° for 16-cylinder engines. Crank- 
shafts for V-type engines generally have only half as many throws as there 
are cylinders, as two connecting rods (one for each bank) are connected to 
each throw. 

(3) Horizontal opposed . The horizontal opposed engine has its 
cylinders laid on their sides in two rows; the crankshaft is in the center. 
Because of its low overall height, much less headroom is required for mount- 
ing the engine. It can be put under the body of a bus, for example, or it 
can be so mounted in a tank as to provide additional interior space in the 
tank. This engine is often called a pancake engine because it is relatively 
flat. 
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thm * vllnrt.nl frriwntll 0PM9ed with vortical acaamaag . In this engine, 

the cylinders are horizontal and opposed to each gther, but the crankshaft is 

set vertically. This is the same type of engine mentioned in (3) above 

except that the engine has been set up on end so that the crankshaft is 
vertical rather than horizontal. 

8. ENGINE MEASUREMENTS. 

. *• a i ld atroKe . The size of an engine can be indicated in terms 

?h. 2r!f™*!r 5 P3 ?I *7 8 r : B0re 18 the diaffl « t «'' of the cylinder. Stroke is 
l h * distance that the piston moves in the cylinder, or the distance between 
top dead center and bottom dead center. When reference is made to these two 
measurements, the bore is always given first. For example, a 3-5/8 x 4 
engxms means that the cylinder bore, or diameter, is 3-5/8 inches and the 
length of the piston stroke is 4 inches. 
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Figure 8. Bore and stroke of an engine cylinder. 

b - Piston displacement:. Piston displacement is the volume of space 
that the piston displaces as it moves from bottom dead center to top dead 
center. The volume is figured by multiplying the length of the stroke by the 
area of a circle having the diameter of the cylinder bore. Thus, a cylinder 
wxtn a 3-5/8-inch diameter has an area of 10.32 square inches, and this times 
the stroke length of 4 inches equals 41.28 cubic inches. 

tw Vacuum in cylinder on intake atr?^. The piston, in moving down 

on the intake stroke, produces a partial vacuum in the cylinder. It is this 
vacuum that is responsible for air rushing in. A vacuum can be defined as an 
absence of air or o'.her substances. It may be hard to think of air as a sub- 
stance because it does not .seem substantial, but it can be felt as a breeze 
or wind when it is moving. 
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(1) Atmosphere . Air does have 
weight, as can be proven with a balance 
scale and two 1-cubic-foot containers 
(fig 3)- *f all air was drawn from one 
container so that it would be really 
empty (a vacuum), then it would weigh 
leas than the other container. In 
fact, to balance the scales, 1*1/4 
ounces would have to be placed on the 
empty container. At sea level, the 
weight of the air pressing downward 
on the ground produces a pressure of 
about 14.7 PSI. 

Figure 9. Illustrating the 
weight of air. 

(2) Atmospheric pressure . The air surroundir* the earth presses 
downward or exerts pressure. Ordinarily, this pressure xs not noticed 
because we are accus toned to it. If the air was removed from a container and 
then the container was opened, this pressure would push air back into the 
container. This aight be compared to what happens when an empty bottle is 
held under water and the cork is removed. The pressure of the watar pushes 
wa*er into the bottle. The higher we go into the air, the less pressure is 
found. Six miles above the earth, for example, the pressure is only about 
4.4 PSI. Returning to earth, the air pressure increases; the nearer earth is 
approached, the greater the pressure of the air* 

(3) Vacuum in the cylinder . When the piston starts to move down- 
ward in the cylinder on the intake stroke, it produces a vacuum in the cylin- 
der. If both the intake and exhaust valves were closed, then no substance 
could enter to fill this vacuum and the cylinder would remain empty. How- 
ever, at the sam*» time that the piston starts to move down, the intake valve 
is opened. How, atmospheric pressure pushes air past the intake valve and 
into the cylinder. The cylinder, therefore, becomes filled with air (or with 
fuel-air mixture in gasoline engines). 

(4) Volumetric efficiency . Although the atmosphere exerts con- 
siderable pressure and rapidly forces air into the cylinder on the intake 
stroke, it does take time for the air to flow through the carburetor ard past 
the intake valve. If given sufficient time, enough air will flow into the 
cylinder to "fill it up." However, the air is given very little time to do 
this. For example, when the engine is running at 1,200 RPM, the intake 
stroke lasts only 0.025 second. In this very brief period, all the air that 
could enter does not have time to flow into the cylinder as the intake stroke 
ends too quickly, nevertheless, engine design has taken this factor into 
consideration so that good operation will result even at high engine speed. 

(a) Measuring volumetric; efficiency. The measure of the 
amount of fuel-air mixture that actually enters the cylinder is referred to 
in terms of volumetric efficiency. Volumetric efficiency is th* ratio 
between the amount of fuel-air mixture that actually enters the cylinder and 
the amount that could enter under ideal conditions. The greater the volu- 
metric efficiency, the greater the amount of fuel-air mixture entering the 
cylinder. The greater the amount of fuel-air mixture, the more power pro- 
duced from the engine cylinder. At low speeds, more fuel -air mixture can get 
into the cylinder, thus the power produced during the power stroke is greater 
and volumetric efficiency 5* high* But at high speeds, the shorter time 
taken by the intake stroke reduces the amount of fuel-air mixture entering 
the cylinder, thus volumetric efficiency is lower. In addition, the air is 
heated as it passes through hot manifolds on its way to the c^inder and it 
expands. This further reduces the amount of fuel-air mixture altering the 
cylinder which, in turn, further reduces volumetric efficiency. 
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.... . _ (b) Increasing volunetrio «ffifl±encv . Volumetric efficiency 
is higher at low engine speed because more fuel-air mixture gets into the 
cylinder. However, volumetric efficiency can also be improved by the use of 
a blower or air-compressing device. On gasoline engines, this device is 
° a it d * » u P erc harger. It raises the air pressure above atmospheric pressure 
so that the air is pushed harder on its way into the cylinder. The harder 
push, or higher pressure, insures that more air will enter the cylinder. In 
a supercharged engine, the volumetric efficiency can run well over 100 
percent. Since 100 percent efficiency means that the pressure inside the 
cylinder equals atmospheric pressure, a volumetric efficiency of more than 
100 percent means the pressure inside the cylinder would be greater than 
atmospheric pressure at the end of the intake stroke. This increased 
volumetric efficiency in- -eases the engine power output. A supercharger is 
K e u y Dc? P °r u ? n u? lr £ 1 f n l en *i nes because the lowered air pressure (about 
™iJ* V w g ? ? f , 6 niles) must be * r « atl y increased if engine power 
output is to be maintained at high altitudes. 

d. Compression «»nttft 

(1) General. The compression 
ratio of an engine (fig 10) if the volume 
in one cylinder with the piston at bottom 
dead center (displacement volume plus clear- 
ance volume) divided by the volume with th* 
piston at top dead center (clearance volume). 
This figure indicates the actual amount that 
air drawn into the cylinder will be com- 
pressed. For example, suppose that an 
engine cylinder has an air volume of 63 
cubic inches with the piston at bottom 
dead center and a volume of 10 inches with 
the piston at top dead center. This gives 
a compression ratio of 63 divided by 10 or 
6.3:1. That is, the air is compressed 
from 63 to 10 cubic inches, or to 1/6.3 
of its original volume, on the compression 

3troke * Figure 10. Compression ratio is 

ratio between "A" 
and "B". 

(2> Effect Of increasing compress ion ratio . As the compression 
ratio is increased, the fuel-air mixture drawn into the cylinder is com- 
pressed into a smaller space. This means a higher initial pressure at the 
start of the power stroke. It also means that the burning gases can expand a 
greater amount. Thus, there are higher pressures for a longer period on the 
power stroke, and more power is obtained with each power stroke. Therefore, 
increasing the compression ratio increases the power output of an engine. 
Racing car builders machine-off cylinder heads to reduce the volume of the 
combustion chambers, thereby increasing compression ratios. By this one act, 
the power output of an engine can be increased several horsepower. One 
important problem brought about by increasing compression ratios is to find a 
fuel that will not cause difficulty from detonation. 

9. ENGINE TIMING. In a gasoline engine, the valves must open and close 
at the proper time with regard to the piston position and stroke. In addi- 
tion, the ignition system must produce sparks at the spark plu?s at the 
proper time so that the power strokes can start. Both valve and ignition 
system action must be properly timed if good engine performance is to be 
obtained. 
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Figure 11. 



Valve timing diagram 
on one engine* 



a* valva timing* A new ndxture 
must be trapped in the cylinder at the 
proper time during each cycle and, after 
combustion, the exhaust gases must be 
allowed to flow out of the cylinder. 
This means that the intake and exhaust 
valves must open and close in step with 
the piston movement* The opening and 
closing of the valves is controlled by 
the camshaft. The position of the pis- 
ton is related to the position of the 
crankshaft, since they are connected 
by the connecting rod. Thus, the 
crankshaft and camshaft must be in 
the proper relationship for correct 
valve timing. Figure 1 shows one 
method of driving the camshaft— a 
gear on the crankshaft drives a gear 
on the camshaft. The camshaft turns 
once for every two crankshaft revo- 
lutions. As long as the relationship 
between the gears is not changed, the 
timing of the valve action will be in 
correct relationship to the piston 
movement. Figure 11 illustrates a 
valve timing diagram on one engine. 
Valve timing varies for different 
engines. 

h Fvhaust valve timing.. The exhaust valve opens before the piston 
reaches the 5W * - that the pressure •rj-l-iJ^S! If 
ownnrter will cause the exhaust gases to start rushing from the cylinder. J-i 
?he va!ve did not open until the end of the power stroke, then there would be 
o sllrl i he cylinder at the start- of the exhaust stroke that would lfflpede 
the upward piston movement . Opening the exhaust valve before bottom dead 
c2ntS?on tSe power stroke is reached causes so -Ion of P^"^^^ 
piston at the end of the power stroke. However, it does insure t 
removal of the burned gases, which, plus the reduced P™" u " f\ Pl3t ° n at 
the start of the exhaust stroke, more than balances this small loss. 

e. *™« positions . When the Piston is at top de d center the crank- 
shaft caS mo ve 15° to 20° without causing the piston to move up or down any 
M?ceptible distance. This is one of the two rock positions (fig 12 . When 
the Siston moves up on the exhaust stroke, considerable momentum is imparted 
X the exhaust gases as they pass out through the «hau.t valve port, but if 

?%?S? lincelnrpisU^s^t^ SlfflTS £2 

S.^SS ti«^«2 ^ s - ?; ~*'- ; «»« durln * thls period and thereby 

permit a more complete scavenging of the exhaust *ases. 

a intake valve tlaifl£. Very little vacuum is produced in the 
cylinder as ISe'pLtSnPassis^h roughthe rock position at top deac "nter. 
The exhauS gases, however, because of their ""nt-in passing through the 
exhaust valve port, produce an air current in the chamber. Th.s air curre 

«uffiet«nt to cause a new mixture to start moving into cne cyj -^ nu ;V-uti „ 
intake v.lvS is ope" For this reason, the intake valve is opened slightly 
oefore KJ piston" reaches top dead center. As the piston goes down on the 
intake stroke, the rapid decrease in pressure in the cylinder enables atmo 
sphere pressure to impart considerable momentum to the incoming mixture. If 
the PistSn *re to move slowly, the mixture would be able to enter fast 
enough to keep the pressure in the cylinder equal to that outside. But, 
ordinarily, the piston will be moving so fast that it will reach the end 
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its downward stroke before a complete charge has had time to enter; that is, 
the pressure in the cylinder will be below that of the atmosphere. The 
intake valve, therefor©, remains open a number of additional degrees of 
crankshaft rotation past bottom dead center (or through the lower rock posi- 
tion) . This allows additional time for the fuel -air mixture to flow into the 
cylinder. 



'7 




Figure 12. Rock positions, 

. Ignition timing. Ignition timing refers to t*he timing of the 

spark at the spark plug gap with relation to the piston position during the 
compression and power strokes. Even though the compressed fuel-air mixture 
burns very rapidly, almost explosively, it does take some time for the 
mixture to burn and for the pressure increase from combustion to take place. 
There rore, it is common for the ignition system to be so timed that the spark 
occurs before the piston reaches top dead center on the compression stroke. 
This gives the mixture sufficient time to ignite and start burning. If this 
time were not provided, that is, if the spark occurred at or after top dead 
center, then the pressure increase would not keep pace with the piston move- 
ment. The piston would be moving down on the power stroke as the mixture 
startad to burn. The pressure, therefore, would not go very high and power 
would be lost. This power loss is avoided by timing the spark to occur 
before top dead center. 

_ f * IfiniUP". atiYing,?. At the higher speeds, there is still less time 

for the fuel-air mixturo to ignite and burn. To compensate for this, thereby 
avoiding power loss, the ignition system includes an advance mechanism that 
functions on speed. As engine speed increases, the advance mechanism causes 
the spark to occur earlier in the cycle. Thus, at high speed, the spark may 
occur as much as 30° before top dead center on the compression stroke. This 
means that the fuel-air mixture is ignited and starts to burn well before the 
power stroke actually starts. However, the piston is up over top dead center 
and moving down on the power stroke before the pressure rises to any great 
extent. This extra time gives the mixture ample time to burn well and 
deliver maximum push to the downward moving piston. On most distributors, 
there is also a vacuum-advance mechanism that functions on intake-manifold 
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vacuum. At part throttle, there is a partial vacuum In the intake manifold 
and less fuel-air mixture getting into the cylinder. With less fuel-air 
Btxture, the mixture is less highly compreased and burns more slowly. There- 
fore, the vacuum-advance mechanism provides a spark advance that gives the 
mixture ample time to burn and increase pressure in the cylinder in the early 
part of the power stroke. 

10. ENGINE OUTPUT . Engines vary in size and output. When comparing 
engines, compare not only their size but also the work they can do. 

a. Work . Work is the movement of a body against an opposing force. 
When a weight is lifted from the ground, work is done on the weight. It is 
moved upward against the force of gravity. When a tank pushes over a tree, 
it does work on the tree as it forces it to the ground. If a 1-pound weight 
is lifted 1 foot, 1 foot-pound of work is done. 

b. Energy . Energy is the ability to do work. As the speed of a 
tank is increased, the energy of movement of the tank is also increased, and 
it can knock over a tree more easily. The higher a weight is lifted from the 
ground, the more energy is stored in the weight. Then, when t falls, it 
will strike the ground harder; that is, it will do more work on the ground. 
If a stake is being driven into the ground, the greater the distance the 
hammer falls, the more work it does on the stake and the further it drives it 
into the ground. 

c. Power . Power is the rate of work. It takes more power to work 
fast than to work slowly. Engines are rated in terms of the amount of work 
they can do par minute. A large engine that can do more work per minute is 
more powerful than a small engine that cannot wokk so hard. The work 
capacity of engines is measured in horsepower, which is a definite amount of 
power. Actually, it is the amount of power that an average horse was found 
to develop when working hard in tests made many years ago at the time steam 
engines were being developed. It was found that an average horse would- lift 
a weight of 200 pounds a distance of 165 feet in 1 minute. The amount of 
work involved here is 33,000 foot-pounds (165 times 200). If 100 pounds were 
lifted 330 feet or if 330 pounds were lifted 100 feet, the amount of work 
would be the same, 33,000 foot-pounds. When this amount of work is done in 1 
minute, then 1 horsepower is required. If it took 2 minutes to do this 
amount of work, then 16,500 foot-pounds per minute, or 1/2 HP, would be 
required. Or, if 33,000 foot-pounds of work were done in 1/2 minute, then 
66,000 foot-pounds per minute or 2 HP would be required . 

d. Pronv brake . A prony brake may be used to measure the actual horse- 
power that an engine can deliver. This device usually makes use of a series 
of wooden blocks fitted around a special flywheel that is driven by the 
engine (fig 13)- A tightening device is arranged so that the blocks can be 
tightened on the flywheel. In addition, an arm is attached to this tighten- 
ing device and one end of the arm rests on a scale. In operation, the wooden 
blocks are tightened on the flywheel. This loads up the engine and works it 
harder. Also, the pressure on the blocks tends to cause the arm to turn so 
that force is exerted on the scale. The length of the arm times the force 
exerted on the scales gives the engine torque in pound-feet. The results or 
the prony brake test can be converted into brake horsepower by using the 



formula 

BHP 



_ 2 if lnw 

" 33,000* 



where 1 is the length of the arm in feet, n is the speed in RPM, and w is the 
ioad in pounds on the scale. For example, the arm is 3 feet long, the load 
on the scale is 50 pounds, and the speed is 1,000 RPM, or: 



BHp m aOi 1^6x3x1,999^59 c 2 8.56 brake horsepower. 
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Figure 13* Simplified drawing of a orony brake. 

e. Dynamometer. The dynamometer is essentially a dynamo of a special 
type that can be driven by an engine. This special dynamo can absorb all the 
power the engine can produce and indicate this power on dials or gages. 
Although the dynamometer is more complicated than a prony brake, it is gener- 
ally considered to be more flexible and accurate. In addition to measuring 
engine output, the dynamometer can also be used to drive the engine for pur- 
poses of measuring the friction of the engine itself or of the various acces- 
sories. 

(1) Torque Is twisting or turning effort. When the lid on a jar 
is loosened, a twisting force or torque is applied to it (fig 14), Torque is 
measured in pound-feet (not to be confused with work which is measured in 
foot-pounds). For instance, suppose a wrench Is used to tighten a nut on a 
stud (fig 15). If the handle of the wrench were 1-foot long and a 10-pound 
force put on its end, then 10 pound-feet of torque would be applied on the 
nut. If the handle were 2 feet long and a 10-pound force put on its end, 20 
pound-feet of torque would be applied. Torque can be converted into work by 
using the formula 

ft-lb (work) * 2 JTn x Ib-ft (torque) * 6,2832 n x lb-ft. 

where n is the speed in revolutions per minute. For example, if an engine 
were checked on a prony brake and found to be delivering 100 pound-feet 
torque at 1,000 RPM, then it would be doing 628,320 foot-pounds of work every 
minute. This can be converted into horsepower by dividing it by 33,000. 




Fifuxe 14, Applying twisting effort, or 
torque, on can lid, 
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(2) The engine exerts torque through gears and shafts connected 
to the wheels so that the wheels turn and the vehicle moves. The amount of 
torque that an engine produces varies with engine speed (fig 16). Note that 
torque increases and then, at an intermediate speed, falls off. The reason 
for this variation is, that with increasing speed, the engine is turning 
faster and is capable of supplying a greater twisting effort or torque. 
However, with further speed increases, volumetric efficiency falls off, less 
fuel-air mixture gets to the cylinders on each intake stroke, the power 
strokes are not as powerful, and the torque falls off. 

g. Toraue-horqepower-speed (RPM) relationship. 

(1) Figure 17 shows the comparison between the horsepower and 
torque of an engine. Torque increases with speed (up to rated speed) as 
shown in figure 16. Horsepower also shows a change with speed, which is more 
marked than with torque. Horsepower is directly related to both torque and 
to speed. When both torque and speed are on the increase, as in the speed 
range of 1,200 to 1,600 RPM, then horsepower goes up sharply. Alter torque 
reaches maximum and begins drop off, the horsepower continues to climb to 
its maximum before it stares to curve. Finally, in the higher speed ranges, 
where torque falls off sUarply, horsepower also falls off. The horsepower 
formula 



(H? 



33 , 000 



) 



shows that horsepower depends on both speed and torque, since torque equals 
lw and n is speed. Substituting in the formula and dividing 2 X (or 6.2832) 
into 33 • 000 gives 

H p - toroue x RPM 
HF " 5,252 



which shows the relationship between horsepower, torque, 
directly. 



and speed more 
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Figure 16. Relationship between 
torque and speed. 



Figure 17* Relationship between 

torque and horsepower. 
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A) 

(2) A rated speed is indicated in figures 16 and 17. This is the 
speed at which the governor is usually set in military vehicles. The rated 
speed is selected because, at higher engine speeds, wear on the engine 
increases rapidly and a disproportionate amount of fuel is used. Overspeed- 
ing, or driving the engine above rated speed, allows but a slight increase of 
horsepower. 

h * Gross and net horsepower. The gross horsepower of an engine is 
that amount of power the engine delivers after it has been stripped of the 
muffler, fan, generator, pump, and other accessories that require power to 
operate. Net horsepower is the power available at the flywheel after the 
accessories have detracted from the gross horsepower. 

. Indicated horsepower. This is the horsepower actually developed 

inside the engine cylinders. It is called indicated horsepower because an 
indicating device is required to measure it. This device measures the pres- 
sures developed in the engine cylinders and, by a series of steps, translates 
the data into indicated horsepower. The indicated horsepower is always con- 
siderably greater than horsepower delivered by the engine, since power is . 
lost from the engine in a number of ways (friction, heat-loss, etc). 

j. SAE horsepower. The Society of Automotive Engineers (SAE) 
developed a simplified method of calculating horsepower as based on engine 
dimensions. This rating was used only for commercial licensing of vehicles. 
The formula is 

HP 2 2TT» where D is the cylinder diameter and N is the number of cylinders. 
11. ENGINE EFFICIENCY. 

a* Efficiency. Engine efficiency is the relationship between 
results obtained and the effort required to obtain those results. It is 

exprsssed as: efficiency * fj^fj^. As an example, if a set of pulleys 

were used~to raise a 450-pound weight 2 feet and it required a 100-pound pull 
for 10 feet (fig 18), it would take 1,000 foot-pounds to get out 900 foot- 
pounds. The ratio would be 1 ^ or 0.90. In other words, the efficiency 

of the pulleys would be 90 percent, so there was a loss of 10 percent of the 
work put in. This system of pulleys shows a loss (or is only 90 percent 
efficient) because of friction. No machine or engine is 100 percent 
efficient — all lose energy. 

b - Friction \q$$- Friction is a source of energy loss in any 
mechanical system. If a heavy plank is dragged across a rough floor, it 
offers ^ome resistance to the movement. This resistance to movement would be 
less if the plank and floor were polished smooth. Resistance would be still 
less if the plank floated in water. Such resistance to movement is called 
friction. Friction can be visualized as being caused by tin? irregularities 
or high points on the surfaces of moving objects. These catch on each other 
and particles are torn off* All of this squires force to overcome. If the 
plank and floor are made smooth, then the projecting points are much smaller 
and have less tendency to catch and tear off. Therefore, less force is 
required to pull the pi auk across the floor. If the plank is floated in 
water, the surfaces can no longer rub against each other; however, there is 
still some friction in the liquid. In the engine, friction occurs at ail 
moving parts even though the parts are, in effect, floated in films of oil, 

c - Mechanical efficiency* The mechanical efficiency of the engine 
is the relationship between the power produced in the engine cylinders (indi- 
cated horsepower) and the power delivered by the engine (brake horsepower). 
Internal engine losses from friction and other factors always prevent brake 
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horsepower from equaling indicated horsepower. A typical engine, for 
example, might develop 200 indicated horsepower as against an actual brake 
horsepower of 180. This engine would have a mechanical efficiency of: 



(1) Thermal efficiency is the relationship between the heat 
energy in the fuel and the engine power output (thermal means of or 
pertaining to heat). The term thermal efficiency relates the heat energy of 
the fuel and the work output* The heat energy is the amount of heat the fuel 
will produce as it bums. Much of this heat is lost to the cylinder walls 
and cooling system. Still more is lost in the hot exhaust gases as they pass 
out of the cylinder. Thi heat that is lost cannot do anything to cause the 
engine to produce power. Therefore, only a relatively small part of the heat 
in the burning fuel can contribute anything toward pushing down on the pis- 
tons and causing the engine to produce power. In actual practice, because of 
the great amount of heat lost to the cooling wter, lubricating oil, and in 
the exhaust gases, thermal efficiency may be as low as 20 percent. In other 
words, as much as 80 percent of the eftergy in the fuel is lost. However, the 
remaining 20 percent is sufficient to operate the engine normally. Practical 
limitations prevent thermal efficiencies of much above 25 percent. 




d. Tharmal e fficiency. 




2 FT 



Figure 18. System of pulleys in which 1,000 foot-pounds must be expend 
to realize 900 foot-pounds of work. 
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Example . 



(2) The relationship between the fuel input and the power output 

WU C ?reou 1 L e L Pr ?7ft e ^ i ?K he r t Un i tS . Called Bpltlsh thepnal units (BTU) . One 
llliU 2 1 7 I?/ t " lb ° f Wrk; therefore, the horsepower output of an 

™SfrV a 2 be r f adl l y $ on , Verted lntc BTU P er unlt of time. The sources of 
power in an engine is fuel, and the BTU content of regularly used fuels has 
been determined by laboratory analysis as: 

Thermal efficiency . Power aiifcBMj If BUI 

fuel input In BTU * 

!!« n e ?.!i-%n ellve !; S ? 5 BHP for a perlod of 1 "<>«»• that time 

consumes 50 pounds (approx 7-1/2 gals) of gasoline. Assuming 
that the gasoline has a value of 18,800 BTU per pound, we find 
the thermal efficiency of the engine to be: 

Power delivered by the engine is 85 BHP for 1 hour, or 85 
HP-hours, 

1 HP-hour = 33iPQQ f*-l» P« r x Sfl mln . 2 =tts imi 
778 ft-lb per BTU 2,545 BTU 

85 BHP x 2,545 BTU = 216,325 BTU output 
50 lb x 18,800 BTU per lb = 9*»0,000 BTU input per 

hour 

Overall thermal efficiency * j^jgj = 0.230, or 23 percent. 

EXERCISE 

1- Which component of an internal combustion engine moves in both a 
reciprocating and a rotary motion? 

a. Crankshaft 

b. Connecting rod 
Ce Camshaft 

2 ' i^!!!Vi? t0 ? po ^ tion of a gasoline engine are the intake and exhaust 
valves both closed? 

a. Bottom of the power stroke 

b. Top of the exhaust stroke 

c« Top of the compression stroke 

3. How many power strokes will be made in a 4-cylinder, 4-stroke-cycle 
engine if the crankshaft completes 1,000 revolutions? 

a. 500 
be 1,000 

c. 2,000 

4. What is the stroke sequence of a 4-stroke-cycle gasoline engine? 

a. Intake, power, compression, and exhaust 

b. Compression, exhaust, intake, and power 

c. Intake, compression, power, and exhaust 

5* What is the MOST common method of engine classification? 

a. Number of cylinders 

b. Cylinder arrangement 
c« Type of fuel used 
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6« Which type engine is often referred to as a "pancake" engine? 

a. Horizontal opposed 
b« V-type 
o« In-line 

7« How many rock positions are contained in each complete crankshaft 
revolution of a 1-cylinder engine? 

a. 1 

b. 2 
e. 3 

8. What is power? 

a« Measurement of energy 

b. Movement of a body 

c. Rate of work 

9. What measurement of engine performance exhibits the greatest marked 
change with an increase in engine RPM? 

a. Horsepower 

b. Thermal efficiency 
c« Rated speed 

10. What TWO values are required to determine the mechanical efficiency of an 
engine? 

a. Gross and net horsepower 

b. Thermal and volumetric efficiency 
c« Brake and indicated horsepower 
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STUDY GUIDE AMD ATTACH ED MEMORANDUM 

1. GENERAL. This lesson discusses the basic components of engines. 
Because many of the parts of in-line, horizontal-opposed, and V-type engines 
are similar, they may be described together. The cooling and lubrication 
systems and their component parts are described in later lessons. 

2. CYLIHDER BLOCK, LIQUID-COOLED ENGIM-. 

fh.v . a ; ? 4 ylind ? p blocks are used only in liquid-cooled engines, whether 
they are in-line, horizontal -opposed, or V-type. These blocks were formerly 
made of gray cast iron, but the wearing qualities of this metal were not 
adequate. The material rr • used in cylinder blocks is a special iron alloy 
containing nickel, chromium, and molybdenum. The cylinder block of an engine 
contains the cylinders in which the pistons move, the valve ports (in L-head 
engine* , and the passages through which the coolant flows. It also forms 
(fig U 1> er P1Pt ° f ^ cpankcas * and ' 33 such ' acts fc h« base of the engine 

b. iThe cylinders and* crankcase are cast en bloc; that is, in one 
piece called the cylinder block. The advantages of the en bloc method are so 
many that it has become almost universal. Casting cylinders en bloc produce 
more compact, shorter, and more rigid construction at less cost than casting 
cylinders singly or in pairs. The assembly is simplified and valve -operating 
mechanisms are easier to enclose. 

c. The cylinders of a liquid-cooled engine are surrounded by jackets 
through which the liquid circulates. These jackets are cast integrally with 
the cylinder block- Commur eating passages permit the coolant to circulate 
around the cylinders and through the head. 



OS 607, 2-P1 
December 1975 



38 



I 



PISTONS, RING* ANO PINS 
CONNECTING ROO SEARINGS' 
CONNECTING ROO CAPS 



^ > > » % > / * % " * 



C BANK SHAFT I 
REAR SEARING CAP 1 

on sf ai M 



CYHNDIR 
RlOCK 



X: . , , , .. 

X ' •» -» i CHAIN 



COVER 



CtUTCH | 
HOUS4NG I 



ClOTCH 
HOUSING PAN 
OUST SEAl 



FlYWHEEl WITH 
RINO GEAR f 




VAtVES 

i 

' > / / ; - i 



i • 



f# '* **** ttct 

1 • 1 * f T I < 

/ -i / 




VAIVE SPRINGS 

iVMVf SPRING 
I RETAINERS 

VAIVE SPRING 
I RETAINER iOCK* 

| VAiVE TAPPETS AND 

> ADJUSTING 
' SCREWS 



f 7 CAMSHAFT, THRUST PLATE 

0 % . V 'V^ AND SPROCKET HUSj 



CRANKSHAFT j 
REAR REARING CAP J 
GASKETS ' 

CRANKSHAFT* ^JL* 
REAR REARING CAP:-"* " 
OH SEAL » 

OH PUMP SUCTION PIPE 

OR STRAINER — 

OH PUMP OUTIET PIPE 



CHAIN CASE 
I COVER GASKET 
CHAIN CASE 
• COVER PUTE 

tf I CRANKSHAFT 
STARTING JAW 



CAM' HAFT SPROCKET 
CHAIN CASE COVER 




CRANKSHAFT I 
REARING CAPS I 

Oil PAN 
FRONT END 
OH SEAl PlATE 



CRANKSHAFT STARTING 

fAN PUUEY 
flOWER) 

TIMING CHAIN 
CRANKSHAFT SEARINGS f UPPER) 
CRANKSHAFT AND SPROCKET 
CRANKSHAfr SEARINGS ,lOWER, 



CHAIN CASE COYER 
REINFORCEMENT 



ENGINE FRONT t 
SUPPORT PlATE I 



8 

O 
-4 



i 



33 



4u 



*7 

d. Th cylinders must be a-aolutely pound and true and their sur- 
faces oust be highly finished. These surfaces are obtained in manufacturing 
by boring, grinding, and/or honing (in that order), and the fina^ result is a 
precision finish that offers little friction and assures a unifocal 
between the cylinder and piston rings. ™ aaRX 

e. Cylinder linera, or sleeves, are becoming more common in large 
motor-vehicle engines. Liners are of two types and ire made of Lloys 
specially treated to give better wearing qualities. The wet-type liner comes 
i?,h^ eCt .?? nta( ^ ""V 9 eoolant i» -ealed at the top and bottom bj a 

W SM1 ?« rin «5 th ! dnr-type liner (fig 2) d0 es not contact the volant 

tUl t ly L K Liners ^l* two ^vantages: they usually wear longer and, after 

iSSn? be ?" wor \ beyond the MxiB,um °™rsize, can be easily replaced, thus 
avoiding replacement of the entire bloc*. «pj.<«.wu, 




Figure 2. Cylinder sleeve remover and replacer kit. 

3. CYLINDER HEAD. In liquid-cooled engines, the cylinder head (fig V. 
I septate casting that contains the combustion chambers, is bolted to tht* 
top of the cylinder block to close the upper ends of the cylinders. It 
contains passages which match those of the cylinder block and allow the 
coolant to circulate in the head. It has tapped holes in the combustion 
chambers into which the spark plugs are screwed. To retain compression i'l 
the cylinder, a metal or raetal-asbeatos cylinder head gasket is placed 
between the head and the block. Holes are cut in this gasket for the bolts 
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or studs holding the cylinder head to the block, for the passage of coolant 
from the block to the head, and for the combustion chambers. The cylinder 
heads of overhead valve engines also contain and support the valves, valve 
rocker arm3, and rocker arm shaft (fig 4) , All cylinder heads were formerly 
made of cast iron, but many engines are now being built with cylinder heads 
of cast aluminum alloy because this material is a better conductor of heat 
and there is less tendency for localized hot spots to develop. The aluminum 
alloy is light in weight and has a very favorable ratio of weight to strength 
at high temperatures. 




cooled engine. 

4. CYLINDER AIR-COOLED ENGINES (FIG 5). 

a. Crankcase . The crankcase is a simple and rugged one-piece cast 
aluminum structure with forged aluminum main bearing caps. The contours of 
the crankcase are smooth and without ribs of any kind. Short and straight 
stress paths are provided through the design of the main bearing caps, which 
function as an integral part of the crankcase. Each main bearing cap is 
secured with four cap bolts and two through-bolts that clamp the main bearing 
caps in the tunnel slot of the main bearing support web in the crankcase. 
This type of crankcase and bearing cap construction and the use of many 
highly flexible belts assure good stress distribution and uniform distribu- 
tion of the combustion forces over the entire crankcase. The two through - 
bolts for each main bearing cap tie the two crankcase sidewalls together. 
The crankcase extends far below the cranksHaft centerline and the cast 
aluminum oil pan is made a part of the structure. Thus, a stiff beam member 
is obtained that compensates for the small total crankcase height, which is 
characteristic for air-cooled engines. 
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Figure 4. Overhead valve cylinder head and associated parts. 

nitMri«Afr Jr , {$ 8tl f f * SPl & S trt 9 w ^ A * cankshaft assembly is a 

nitrided steel forging with 7 main bearing Journals and 6 erankoins 12 
counterweights, a flange on the rear end t<£ mounting the flywheel and a 

f" th . 9 « d f0 L B0untlBf « * torsional vibration SpJrT ?£ 

integrally forged crankshaft counterweights provide for approximately 85 
percent of crankshaft balance. The crankshaft main bearinTXuSaTsize is 
}. 25 inches and the crankpin size is 3-75 inches. The width of the cheek is 
1.6 inohes. The anticipated high output ratings demand thTuse of peak Mm! 
bustion pressure between 1,600 and 1,800 PSI; therefore, the crankshaft Sust 

SreL lll^ "tt? 0 * 1 "* rt * id "y. Th« internal f^cJs tJying to 

lES ? gln ? th9 J? iddle ap * red "ced ^ the integrally forged crank- 
shaft counterweights. The bearings are copper-lead in both main and compet- 
ing rods and are backed with ratherHisavy^W-^ls, 0. 25™inc"thick iS 
the case of the main bearings. The mi/ a wifth of 2 inches 

^li?L°^ Me< ?« n8 pod bearing 1 '35 inches. Ealh crankpin accommodates two 
opposing connecting rod assemblies. All crankpin and main bearin* lournala 

ErfS 1 ? t0 r dU ° e W ! lght * Holes are drlllsd "™™11Y trough Hoh Sin 
Srect g oi»«« 1 r and ?? Ub 2 thr ° Ugh tn9 ° rank cnMk « d °™nkpin to JroviX a 
«af* L^f 3 *! £ 011 U ? d ! r .f r9SSU 2 t0 tn9 connecting rod and crankshaft 
fS* J* ° pa ? kshaf t and flywheel are statically and dynamically 
Iti^t d * * torsional vibration damper is a precision -made viscousltype 
and is replaceable only as an assembly. 

b , lM , °' fiflMlfltlM Cada Iflj MrlflfTT Lttg 7) The connecting rod assem- 

* £ ° onvan "onal *«sign and are tapered, I-beam section stesl 
H?rff?f 4 Th ,V e "*th fr « cent-r to center is 11 inches; the piston pin 
diameter is 2 inches. The piston pin bushing at the small end of the con - 
k*- JltZ J 3 3 5 ronz !- llMd . steel-backed, split-type bearing, pressed into 
tt \£ ~ ?. !i2/ nd °S the connecting rod, and is diamond bored? The big end 
of the connecting rod, which connects to the crankshaft crankpin, has a 
rvni 80 *! <* precislon connecting rod bearing, which is a steel-backed, ^lit- 
type, having a copper-lead alloy bearing surface. 
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Figure 5. 12-cylinder engine AVDS. 




3/ 






Figure 7. Piston and connecting rod—exploded view* 
d, Piatona. nina. and rings (fig 7K 

(1) Piatona and sins. 

(a) The pistons are aluminum forgings, cam ground and tapered 
to provide an accurate fit at operating temperatures. The piston dome is 
machined o the shape of a conicaX section (toroidal -shape) so that it tapers 
into the >pen-type combustion chamber. The piston is oil-cooled by an oil 
jet mounted in -ne crankcase. A separate oil system is built into the engine 
which will be described in detail later, 

(b) The heavy walled, tubular, steel piston pins are fUll- 
floating in the piston and connecting rod. Domed aluminum plugs are inserted 
into each end of the piston pin to center it in the piston and prevent 
scoring of the cylinder wall, 

(2) Piston ring?. Each piston is fitted with four rings. The 
upper three rings are compression rings and the bottom ring is an oil control 
ring. All rings are chrome plated for more wear resistance, A 150 included 
angle keystone top ring is used, along with two taper-faced compression rings 
and a dual edge conformable oil scraper ring, Basic ring thickness is 0.090- 
inch which provides maximum bore conf ormability and minimum ring groove wear 
without any evidence of ring flutter ?t high speed. 
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e. Cylinders and valves (fig 8). 

(1) Each cylinder assembly is an individually replaceable unit 
that consists of a barrel, cooling fin muff, and a cylinder head. The 
cylinder barrel is made of steel. The cooling fin muff is an alurainun cast- 
ing and is cast directly on the steel cylinder barrel. A mounting flange is 
machined on the cylirfder barrel near the base to provide an attachment for 
the cylinder to the crankcase. The cylinder assembly is secured to the 
crankcase with studs and nuts. The cylinder head is a casting of aluminum 
alloy with high temperature characteristics. The finned, cast aluminum 
cylinder head is threaded and is screwed and shrunk onto the cylinder barrel 
while the cylinder head is heated. The main feature? of the cylinder head 
design are overhead camshaft, two angled valves, a simple cooling fin design, 
and an injection nozzle installation with a high degree of accessibility. 
The valve plane is shifted slightly off-center to permit the nozzle assembly 
to be removed directly from the top. The combustion chamber dome shape is a 
large-radius dome for minimum stress and a sharp-cornered dome which permits 
an increase in piston length and reduces the piston crown area exposed to 
combustion. The cooling fins are set on the cylinder head at an angle of 




Figure 8. Cylinder assembly — exploded view. 
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30° and reach from the intake to the exhaust side of the cylinder head, which 
provides ample cooling fin area* Cooling fins, exhaust and intake ports, and 
a single rocker box are cast integrally with the cylinder head. Valve guides 
and seats are shrunk into place in the cylinder head* The cylinder barrel is 
chocked" at the head end to compensate for hot running conditions. An outer 
extension of the cylinder head encloses a recess or rocker box, which houses 
the valve stem inserts, valve springs, and related parts. The valve rocker 
arm assemblies are held in place by rocker shafts in the cylinder head valve 
rocker support cover. 

(2) The intake and exhaust valves and seats are all fabricated 
;£°?u a * ommon silicon-chrome valve steel. Due to the low exhaust temperature 
or the diesel cycle, there is no need for expensive alloys. However, the 
intake valve seat has a Stellite face to prevent wear. Otherwise, excessive 
wear will occur because of the completely dry inlet valve operation in a 
supercharged diesel engine. The stem of the intake valve and exhaust valve 
for each cylinder extends into the rocker boxes. Each valve has three nested 
springs compressed between two retainers and secured to the valve stems by 
split cone-shaped locks which hold each valve to its seat. The exhaust 
valves have a positive valve rotator which also serves as the lower spring 
retainer. Valve clearance adjusting screws with flat swivel pusher pads are 
mounted on one end of the valve rocker arms. 

(3) For * ed 3teel valve ro<*er arms with roller cam followers are 
used. The rollers are specially hardened and hones to provide an extremely 
smooth and permanent contact surface. Hollow rocker arm shafts and drilled 
passages in the rocker arms convey oil to all moving parts. Each rocker box 
has its own individual valve rocker arm cover; each cover contains one intake 
valve rocker arm and shaft and one exhaust valve rocker arm and shaft. 

5. CRANKCASE , LIQUID-COOLED ENGINES. 

a. The crankcase is that part of the engine that supports and 
encloses the crankshaft, provides a reservoir for the lubricating oil, and 
acts as a support for the oil pump, oil filter, and some of the other acces- 
sories. It is common practice to cast the upper part of the crankcase as 
part of the cylinder block. The lower part of the crankcase is the oil pan 
(AA, fig 9). This is bolted to the bottom of the block »nd is made of 
pressed or cast metal. 

b. The crankcase also has the mounting brackets which support the 
entire engine on the vehicle frame, or on a subframe designed and constructed 
for that purpose* The engine mounting supports are an integral part of the 
crankcase, or they are bolted to it in such a way that they support the 
engine at three or four points. The points of contact with the frame are 
usual 1/ cushioned on rubber. The rubber mechanically insulates the frame and 
body of the vehicle from engine vibration and noise; also, it prevents frame 
distortion and damage to the engine supports and transmission from engine 
twisting. 

6. CRANKCASE, AIR-COOLED OPPOSED AND V-TYPE ENGINES. In the air-cooled 
horizontal -opposed or V-type engines, the crankcase is the foundation of the 
engine since the individual cylinders are attached to it, the crankshaft is 
enclosed by it, and the oil pan and other parts are fastened to it. Figure 
10 shows the crankcase and related parts of a 12-cylinder, air-cooled, V-type 
engine. The studs to which one bank of individual cylinders are attached can 
be seen along the upper left of the crankcase (D, fig 10). To permit higher 
stresses in the studs set in the aluminum casting, special Rosan inserts are 
installed so that the studs can be threaded into them. These inserts are 
screwed into the softer casting until they are slightly below the surface. 
When an insert is set, a lockring, broached to fit the splined end of the 
insert and course milled on its outer edge, is driven into a counterbore in 
the casting. This lockring holds the threaded insert in place and prevents 
any turning of the insert when a stud is installed or removed* 
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Figure 9. Oil pan and lower engine parts. 

7. PISTONS. 

a* Fitted into the bore of the cylinder is a movable piston that 
receives the energy or force of combustion and transmits that energy to the 
crankshaft through the connecting rod (fig 11). Automotive pistons ordi- 
narily are made of oast iron or aluminum alloy. They must be lightweight, 
wear well, and have high strength. At the top and bottom of the strokes of 
the cycle, the piston must come to a complete stop and start again in the 
opposite direction. Considerable force is required to overcome the inertia 
of the piston when it stops and starts and, as the weight of the piston 
affects the inertia, it is desirable to keep the piston as light as possible. 
To reduce weight, the head and skirt of the piston are made as thin as is 
consistent with the strength required. Ribs are used on the underside of the 
piston to reinforce the head; they also assist in conducting heat from the 
head of the piston to the piston rings and out through the cylinder walls. 
Special ribs are used to reinforce the piston pin bosses. 
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figure tu. ^rani<case ana related parts of a 12-cylinder, air- 
cooled, V-type engine* 



b. The piston is kept in aiineraent by the skirt, which is usually 
cam ground and elliptical in cross section (fig 12)* This elliptical shape 
permits the piston to fit the cylinder, regardless of whether the piston is. 
cold or at working temperature. Its narrowest diameter is at the piston pin 
bosses where the metal is thickest* At its widest diameter, the piston skirt 
is thinnest* The piston is fitted to close limits at its widest diameter so 
that piston "slaps" will be prevented during engine warmup. As the piston, is 
expanded by the heat generated during operation, it becomes round because the 
expansion is proportional to the temperature of the metal. The walls of the 
skirt are cut away as much as possible to reduce weight and to prevent exces- 
sive expansion during engine operation* Many aluminum pi3tons are made with 
split 3kirts, so that when the pistons expand the skirt diameter will not 
increase. The two types of piston skirts found in engines are the full trunk 
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and the slipper* The full trunk-type skirt, which is more widely used, has 
full cylindrical shape with bearing surfaces parallel to those of the cylin- 
der! thus giving more strength and better control of the oil film* The 
slipper-type skirt has considerable relief on the sides of the skirt, which 
leaves less area for possible contact with the cylinder walls and thereby 
reduces friction* 
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Figure 11 • Piston, piston rings, connecting rod, and connecting 
rod bearings* 
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Figure 12* Cam ground piston* 
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by the piston is o«ials.d by sUctrolvsiJ rt JSKi 8 ,* "bo™- 
8. PISTON RINGS. 




*JN& WITH JC.'KT 




Figure 13* Piston rings. 



. „ b * Compression ring. The principal function of a compression ring 
is to prevent gases from leaking by the piston during the compression and 
power strokes. All piston rings are split to permit easy assembly to the 
?hf «if? < ? ? i° W f ?% ex P ansion * Wnen the ring is in place, the ends of 
the split joint do not form a perfect seal; therefore, it is common practice 
to use more than one ring and to stagger the joints around the piston. If 
the cylinders are worn, expanders are sometimes used to insure a perfect 
seal * 
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c« Oil reg^ lf rl n * ' Th* lowest ring above the piston pin is 
usually an oil regulating ring. This ring scrapes the excess oil from the 
cylinder walls and returns some of it f through slots , to the piston ring 
grooves* The ring groove under an oil ring is provided with openings through 
which the oil flows back into the crankcase* In some engines* an additional 
oil ring is used in the skirt below the piston pin to provide better oil 
control « Steel sideplates are sometimes used on 2- and 3-section oil regu- 
lating rings* 

9. PISTON PINS. 

a* The piston is attached to the connecting rod by means of the 
piston pin* This pin passes through the piston pin bosses and through the 
upper end of the connecting rod which rides within the piston on the middle 
of the pin* Piston pins are made of alloy steel with a precision finish and 
are case hardened; sometimes they are chromium plated to increase their wear- 
ing qualities* Their tubular construction gives them a maximum of strength 
with a minimum of weight* They are lubricated by splash from the crankcase 
or by pressure through passages bored in the connecting rods* 

b« There are three methods of fastening a piston pin (fig 14) to the 
piston and connecting rod* 

(1) An anchored or "fixed" pin is attached to the piston by a 
screw running through one of the bosses; the connecting rod oscillates on the 
pin* 

(2) A "semi floating" pin is anchored to the connecting rod and 
turns in the piston pin bosses* 

(3) A "full-floating" pin is free to rotate in the connecting rod 
and in the bosses* but is prevented from working out against the sides of the 
cylinder by plugs or snapring locks* 




Figure 1M* Piston pin arrangements* 
10* CONNECTING RODS* 

a* The connecting rods (fig 11) connect the pistons with the crank- 
shaft* They must be lightweight and yet strong enough to transmit the thrust 
of the pistons* Automotive connecting rods are drop-forged from a steel 
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alloy capable of withstanding heavy loads without deflection; that is, with^ 

T l!S2i n f 0 ? r if£?ii«*^?H* connectin « rod Mn.rally u made in the form of 
an I-beam for lightness with maximum strength. Holes at the upper and lower 

be paJIne?? P aCCUrate fittin « °f bearings. These nofes must 

th. n i,t-™ J*? U ?? e ^ end ^°r the ° onnectin 8 rod ^ connected to the piston by 
it floats in h^h fhi e P, iston pi " 13 l00ked in the piston pin bossei or if 
it rioats in both the piston and the connecting rod, the upper hole of the 

XE^J2i2 1 LJ W : ? (more'commonly called J°bS.£nS of 

with thm *™ilV*r? Hi* 1 ' AS tn V°*er « d °f the connecting rod revolves 
DistoJ oin SJjSih the < upper end is f °r°ed to turn back and forth on the 
hi^°.« P fh: ,. Altnou f n this movement is not great, the bushing is necessary 

tin S s^fl«»ti„ ratU : e l a H d un J fc P""^" everted are high? If the piston 
pin is semi floating, a bushing is not needed. 

„i aB .n.H I' T 5 6 fk l0l " r h . ole 2 f tne oonn ecting rod is split to permit it to be 

mSrial ll^L JLTff "ll b ° tt ° m P* rt ' 0r cap ' is "ade of the lam' 

. J! r0d and .u is afc tached by two or more connecting rod bolts. The 
roJL j \ ° n ,< h S cr ? nkshaft ^ generally a bearing material in the 

I?r^fV e ?* ra < e f plit shell » although, in a few eases, it may be spun or 
tr . H J?' K nSid0 ° f the "* oap durin « manufacture. The\wo^ar£s 
^i- 0 ff eParate beap i n 8 are positioned in the rod and cap by dowel pins, 
projections, or short brass screws. The shell may be of babbitt metal face- 
spun or die-cast on a backing of bronze or steel. Split bearings may be o? 
the precision or semiprecision type. 

.„„ ... ""J 6 precision type is accurately finished to fit the crankpin 

bv d^m^T^ 0 » aohinin 8 dur, inS installation. It is positioned 

by projections on the shell which match reliefs in the rod and cap. The 
^vim^^rffr'f 0 nt the bearings from moving sideways, but they permit rotary 
?2I 2! 4 a"er the bearing cap is removed, thus making it possible to replace 
the bearing, without removing the connecting rod from the engine. ^P^e 

o.n o 4« P ) 4 Th ! femiprecision type is usually fastened to the rod and 

!f P h fhl J natal i a ,4 0n » ifc 13 "achined to the proper inside diameter 

with the cap and rod bolted together. 



11. CRANKSHAFT. 



-n„i„- ?" C fc I he oran ««shaft nay well be called the backbone of the 

ties together the reaction of all the pistons, transforms the 
«n° ?™S?f ?2 Vf.4 hS batons and connecting rods into rotary motion, 
*h d rf a ? S i 8 ^ 6 res " 1 " n 8 torque to the flywheel and clutch. The crank- 
snait lug 15) is a shaft with one or more throws along its length. The 
«^ a r g !? 0n ^ ^ throws along the shaft is determined by the desired Wring 
order of the engine cylinders and the desired direction of rotation of the 

f?! J 04 „ „ 5 r i: n? 0rder is regulated by the relationship of the camshaft 
and the crankshaft. 

- ,* Construction . Crankshafts are first forged or cast from an alloy 
or steel -nd nickel. The rough casting or forging is then machined. When 
all the rough machining is completed, the nonbearing surfaces are plated with 
a light coating of copper. After the plating process is completed, the whole 
crankshaft is placed in a carburizing oven or an electroinduction furnace 
where surfaces of the crankshaft not coated with copper become alloyed with 
the carbon, which produces a thin, hard surface or bearing area. This pro- 
cess is known as casehardening. The crankshaft is completed by grinding the 
casehardened surfaces. 
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Figure 15. Crankshaft .and bearings. 

c. Throw ^r^gents (fj g ifi) . Crankshafts for 4-cylinder engines 
have either three or five points of support (i.e. , supporting bearings). The 
four throws are in one plane, the throws fo** cylinders No 2 and 3 being 
advanced 180° over the throws for cylinders No 1 and 4. A crankshaft for an 
3-cylinder, V-type engine could be of the same basic design with two connect- 
ing rods being connected to each throw. For better balance and smoother 
operation, a variation of the 8-cylinder, V-type crankshaft has two throws on 
each bank advanced 90° over the other two throws. Crankshafts for 
8-cylinder, in-line engines follow two general designs. The first design has 
two identical four-throw arrangements positioned end to end, with one set 
advanced 90° over the other. This is known as a 4-4 shaft. In the other 
design, the 2-4-2 shaft, a set of four throws is positioned between two sets 
of two throws each. The end cylinders are advanced 90° over the center 
group. Crankshafts for 6-cylinder engines have either three, four, or seven 
points of support. The throws for the connecting rod bearings are forged in 
three planes 120° apart, with two throws in each plane. Throws No 1 and 6 
are in the first plane, No 2 and 5 are in the second, and No 3 and 4 are in 
the third. The crankshafts for 12-cylinder, V-type engines are basically the 
same as the shafts for 6-cylinder engines. 
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Figure 16. Crankshafts and throw arrangements. 

d« Crankshaft stress . Any piece of rotating machinery has a certain 
definite speed at which it will start to vibrate excessively— this is called 
the critical speed. In designing a crankshaft, it is sometimes possible to 
plac«> this critical speed outside the speed range of the engine. If not, the 
crankshaft must be hea\y enough to withstand the vibration. In severe cases 
of vibration, the crankshaft may break; to run smoothly, a crankshaft must be 
statically and dynamically balanced. Crankshaft deflection caused by load 
stresses will often throw a shaft out of balance, especially at high speeds. 
T overcome vibration, uneven balance, and load deflection, crankshafts are 
balanced by use of weights. These weights mav forged as part of the shaft 
(fig 15) or they may be bolted on. 
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• • Tgr»i9Ml Ylftr*U<?P» Torsional vibracion is a twisting vibra- 
tion* It usually is noticeable in in-line 6- and 8-cylinder engines with 
long crankshafts* Assume that *he crankshaft is made of rubber. When the 
front cylinder is fired it would tend to turn the crankshaft very rapidly but 
the inertia of the flywheel would tend to prevent this rapid increase in 
speed at the rear of the crankshaft* The result is a "winding up" of the 
"rubber" crankshaft. As the force exerted by the front cylinder decreases, 
the rubber crankshaft will "unwind." This repeated winding and unwinding 
sets up a twisting or torsional vibration. A steel crankshaft will not 
distort like rubber, but it distorts enough to have torsional vibration. 

f. Damping torsional vibration. To reduce or eliminate torsional 
vibration, devices variously called crankshaft-torque impulse neutralizes, 
torsional balancers, or vibration dampers are used. Essentially, all work in 
a very similar manner. They all employ a damper plate or flywheel that can 
have some movement independent of the crankshaft even though rotating with 
the crankshaft. This independent movement tends to oppose or absorb the 
winding and unwinding of the crankshaft, thereby opposing torsional vibra- 
tion. 

(1) One type of vibration damper is shown in figure 17. A metal 
damper flywheel is held on the crankshaft hub by a friction clutch. The 
friction clutch slips tfhen sudden speed changes occur. For example, the 
crankshaft has been wound up and then st&rti to unwind. This gives certain 
sections of it a momentary increase in speed. The damper flywheel continues 
its steady rotation, however, since the friction clutch slips. This slipping 
action actually imposes a drag on the crankshaft, thereby damping out twist- 
ing vibration* Similarly, if the crankshaft receives an impulse that tends 
to wind it up, the vibration damper opposes the action. However, the amount 
of actual movement of the crankshaft as it winds up or unwinds is very small, 
but it would be sufficient to cause trouble if some type of vibration damper 
were not used. 
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Figure 17. 



One type of vibration damper. 



OS 607, 2-P18 



ERIC 




(2) A second type of vibration damper makes use of a series of 
rubber cones or sleeves. These support a damper plate or damper flywheel 
that presses against friction faces located on the fan pulley. The rubber 
compresses one way or tlie other so that the dampen flywheel rubs against the 
friction faces, thereby imposing a dragging restraint on the crankshaft 
during sudden speed changes. It ac.s in the same way as the friction clutch 
described above. Instead of rubber cones, a series of springs may be used. 

12. FLYWHEEL. A flywheel (fig 18) stores up energy of rotation when the 
instantaneous torque on the crarkshaft is greater than average, and it 
releases this energy when the torque is less than average. In this way, 
fluctuations in engine soeed are reduced to within very small limits. The 
size of the flywheel required, therefore, varies with the number of cylinders 
and the general construction of the engine. With a large number of cylinders 
and the consequent overlapping of power impulses, there is less need for a 
flywheel; consequently, the flywheel can be relativelv smaller. The flywheel 
rim carries a ring gear, either integral with the flywheel or shrunk on, that 
meshes with the starter driving gear for cranking the engine. The rear face 
of the flywheel is usually machined and ground and acts as one of the pres- 
sure surfaces for the clutch, thus becoming part of the clutch assembly. 




Figure 18. Flywheel. 

13* MAIN BEARINGS. 

a. The crankshaft of an engine rotates in main bearings. These 
bearings are located at both ends and at certain intermediate points along 
the crankshaft. In in-line and V-type engines, the main bearings are 
supported by webs in the lower part of the cylinder block; in high-speed 
automotive engines, these are the thin shell bronze- or 3teel -backed type 
such as the main bearing shells shown in figure 15. 

b. One-half of the shell fits into the cap. The upper half fits 
into fixed recesses in the lower part of the cylinder block. The two-part 
precision shell bearing is highly desirable because it can be easily replaced 
and does not require scraping and fitting. It has one principal disadvan- 
tage, however, in thac it cannot be line-bored or reamed to allow for 
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warpage of the crankshaft or block* If there is warpage, certain bearing 
areas are subjected to excessive wear. The precision bearing also is more 
expensive, but its advantages more than offset it^ disadvantages. The prin- 
cipal load on the main bearings is radial, but the small end thrust load on 
the crankshaft is taken up by a main bearing that is provided with lip or 
thrust faces, and acts as a combination radial and thrust bearing, as is the 
center main bearing shell in figure 15* The main bearings are often chan- 
nel d for oil distribution and may be lubricated with crankcase oil by pres- 
sure through drilled passages or by splash. To prevent loss of engine lubri- 
cating oil, oil seals are placed at the main bearings where the crankshaft 
extends through the crankcase 

14. VALVES AMD VALVE SEATS. 

a. Valves . Every cylinder of a 4-stroke-cycle gasoline engine must 
have at least one intake valve to permit the mixture to enter the cylinder 
and one exhaust valve to allow the burned gases to escape (except for certain 
special designs which may utilize a single valve for both functions). The 
type of valve usually used in automotive engines is called a poppet, mush- 
room, or tulip valve (fig 19). The word "poppet 1 ' is derived from the popping 
action of the valve, and the words ''mushroom" and "tulip" from the general 
shkpe of the valve. A valve usually is made in one piece from special alloy 
steel. The intake valves ordinarily are made of chromium nickel alloy and 
the exhaust valves of silichrome alloy because of the extremely high tempera- 
tures that they must withstand* In som* engines, especially the air-cooled 
types, the exhaust valve contains sodium in a sealed cavity extending from 
the head through the stem (fig 19). The sodium conducts heat away from the 
head to the stem, from where it is conducted to the valve guide, thus aiding 
in cooling. When sodium-filled valves become unserviceable, they must ^e 
disposed of in accordance with existing regulations, since sodium will 
explode if it comes in contact with water. 




MUSHROOM INTAKE MUSHROOM EXHAUST 

Figure 19* Valve types. 

b. Valve seats . The valve seat is the face of the circular opening 
leading into the combustion chamber of the cylinder. There are at least two 
such openings or ports in each cylinder, to which are connected the intake 
and exhaust manifolds. Since exhaust valve seats are subjected to intense 
heat, valve grindings and reseatin^s are necessary fron time to time to renew 
the seating surfaces. Regrindings can be minimized by using nickel cl **me 
cast iron alloy in the cylinder castings or by using valve seat inserts. 
These inserts are rings of special alloy fitted into place in the cylinder 
block or cylinder head. Inserts can be used with both exhaust and intake 
valves, but are more frequently used with exhaust valves only. 
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4 w4 VllV* gyltifliV Valve stems are ground to fit the guides (fi* 20) 

2JK^2Th2W& : ivr* hole in «» ■»•* * SUSS ;Js g 0) 

Tte ? g i P 8 0f the °y lindep blook or cylinder head, depending on 

the typ« of valves used, or they nay be removable sleeves which can bT 
replaced when worn. Removable valve guides are usually made of oast iron. 

ISe! SfLSL^^Hr* * th ? °f heat to adjac"i metlis, 

vnicn are cooled by the surrounding water. 




Figure 20. L-head valve operating mechanism. 
15. VALVE OPERATING MECHANISM. 

a. The valve operating mechanism for one valve of an in-line, L-head 
6 !! g SV a Sh0Mn i n fi *? re 20 # The camshaft is turned at one-half crankshaft 
speed by means of a pair of meshing gears, one on the crankshaft the other on 
the camshaft, or by two sprockets and a chain. The camshaft has a cam for 
each valve. As the camshaft rotates, the cam lobe moves up under the valve 
tappet exerting an upward thrust through the tappet against the valve stem. 
This thrust overcomes the valve spring pressure as well as gas pressure in 
the cylinder, thus causing the valve to be raised off its seat. When the 
lobe moves from under the tappet, the valve spring pressure reseats the 
valve . 

b. The valve operating mechanism of an in-line, valve-in-head 
(overhead valve) engine is shown in figure 21. In this arrangement, the 
valve tappet is raised by the cam lobe and this movement lifts the push rod. 
The rocker arm is thereby turned or rotated a few degrees on its shaft, which 
causes the valve end of the .*ocker arm to move downward. This downward move- 
ment pushes the valve off its seat. Then, when the lobe moves from under the 
valve tappet, the valve spring pressure reseats the valve and also pushes the 
rocker arm back up in readiness for the next operation of the valve. 
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Figure 21. Overhead valve mechanism* 

c. When the overhead valve arrangement is used in a V-type engine, 
both valve tappets and push rods operate off a single camshaft which is 
located above the crankshaft* That is. the push rods are located inside the 
V formed by the two banks of cylinders. 

d. An overhead valve arrangement is also used on opposite cylinder 
engines, except that a separate camshaft operates each bank of opposed 
cylinder tappets, push rods, and rocker arms, and the camshafts, in turn, are 
actuated by an accessory drive gear train. 

e. Hydraulic valve tappets are used on many engines. The operation 
of one type of hydraulic valve tappet mechanism is shown in figure 22. Oil 
under pressure is forced into the tappet when the valve is closed, and this 
extents the plunger in the tappet so that all valve clearance, or lash, is 
eliminated. When the cam lobe moves around under the tappet and starts to 
raise it, there will not >e any tappet noise* As the lobe starts to raise 
the tappet, the oil is forced upward in the lower chamber of the tappet. 
This action closes the ball check valve so oil cannot escape* Now, the 
tappet acts as though it were a simple, one-piece tappet and the valve is 
opened. When the lobe moves out from under the tappet and the valve there- 
fore closes, the pressure in the lower chamber of the tappet is relieved. 
Any slight loss of oil from the lower chamber is then replaced by the oil 
pressure from the engine lubricating system. This causes the Dlunger to move 
up snugly against the push rod so that any clearance is eliminated. 
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Figure 22. Hydraulic valve showing tappet action —cutaway views. 

f. An overhead camshaft is used on some of the larger engines with 
overhead valves. The overhead camshaft eliminates the long linkages other- 
wise* necessary in an overhead wive engine with a camshaft placed in the 
cylinder block. Figure 23 illustrates the valve mechanism of two cylinders 
in a 12-cylinder, V*ty*;e, air-cooled engine. A camshaft is required for each 
bank of cylinders. The camshaft cannot be seen because it is inside the 
intercylinder connectors. The inner ends of the rocker arms ride directly on 
the cams of the camshaft. As the lobe of a cam moves up under a rocker arm, 
the rocker arm rocks on its supporting shaft causing the valve stem to be 
pushed down so that the valve is opened. When the lobe moves on around out 
of the way, the valve spring pressure reseats the valve. In the application 
shown, the rocker arms have rollers on the camshaft ends. The rollers roll 
on the cams so that friction and wear are greatly reduced. 

16. POWER PACKAGE CONCEPT* 

a* The present trend in the design of military equipment is toward 
what is termed the power package concept. That is, the equipment is so 
designed that the engine, together with the radiator, transmission, clutch, 
and other attached parts, can be removed as a unit or package from the 
vehicle. This greatly facilitates repair and helps reduce Mead vehicle" 
time. When a vehicle requires ^ajor engine work, it is not necessary to tie 
up the vehicle while the work is done. Instead, the old powerplant can be 
removed and a new one quickly installed. 

b. To facilitate quick removal and installation of a powerplant, the 
electrical system has quick-disconnect conduit plugs, and the various mount- 
ing bolts and mechanical linkages (to carburetor, clutch, and transmission) 
are readily accessible. This greatly reduces the time needed to perform all 
disconnect operations. 
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Figure 23. Valve mechanism of an overhead valve, overhead camshaft engine* 

17. ENGINE FAMILIES* To simplify the service parts problem in the field 
By providing maximum interchangeability, and also to siaplify servicing and 
training procedures, the present trend in military engine design is toward 
what is termed engine families. There must, of necessity, be many different 
Kinds of engines because there are many kinds of jobs to do; e.g., from 
powering a tank to powering a 1/4-ton truck, or from running a large power- 
plant to running a stall auxiliary generator in a tank. However, the service 
and service parts problem can be simplified by so designing engines that they 
ar * Si* y r * Xat6d cylin^ «!••# valve arrangement, etc. As an example, 
ow sao-hp engine usee the same connecting rod, piston, and piston rings as a 
similar but mealier 500-hp engine* Is another example, an opposed cylinder, 
b-cylioder, air-cooled engine is rated at 500-hp supercharged or 375-hp non- 
supercharged. Practically the wily difference in these two engines, aside 
from the supercharger, is in the pistons. The 500-hp supercharged engine has 
pjstons designed for a compression ratio of 5.5:1. The 375-hp nonsuper- 
Oharged engine has differently shaped pistons which are designed for a higher 
compression ratio of 6.5: t. 
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11. What material is presently used in the construction of engine cylinder 
blocks? 

a. Cast aluminum 

b« Special iron alloy 

c. Gray cast iron 

12. Why are cylinder liners more advantageous than cast en bloc cylinders in 
large motor vehicle engines? 

a. They wear longer 

b. They hold compression better 
c« They are easier to cool 
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13 * Hew is the aluminum alloy toad secured to the cylinder barrel on an 
air-cooled engine? 



a. Bolted 

b. Screwed and shrunk 

c. Welded 

14. What is secured to the tipper part of the crankcase of a liquid -cooled 
engine? 

a. Engine mounting brackets 

b. Engine oil sump 
e. Engine oil intake 

15. Why are piston skirts designed in an elliptical shape? 

a. To compensate for the thrust on the connecting rod 

b. To provide a better piston-cylinder fit at any temperature 

c. To allow a greater amount of oil on the cylinder walls 

16. Why are some pistons plated with soft metal? 

a. To allow for rapid expansion of the pistons 

b. To lnerease the engine break -in time 

c. To fill in small holes in the cylinder walls 

17 * Why are all piston rings split? 

a. To reduce the amount of expansion 

b. To permit easy assembly to the piston 

c. To form a more perfect seal 

18. Which type mounting uses TWO snapring locks to retain the piston pins? 

a. Full-floating 

b. Fixed 

c. Anchored 

19. The arrangement of the throws along the crankshaft MUST be in accordance 
with the 

a. length of the piston strokes. 

b. desired rated speed of the engine. 

c. desired firing order of the cylinders. 

20. What TWO throws of an 8-cylinder, in-line, engine crankshaft are in the 
same plane? 

a. 1 and 6 

b. 2 and 7 

e. 4 and 7 

21* What is the purpose of a flywheel? 

a. To eliminate crankshaft vibration 

b. To overcome torsional vibrations 

c« To reduce engine speed fluctuations 
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ZZ < yhat prevents end thrust movement of a crankshaft? 

a* Thrust bearings on each end of the shaft 

b* Thrust faces one ach main bearing web 

c* Lip faces on one or more of the main bearing shells 

23 • Which statement is correct? 

a* Intake valves commonly contain sodium in a cavity in the stem 
b« Exhaust valves are normally constructed of chromium nickel alloy 
c* Valve heads are cooled by transferring heat to the valve seat 

24. What is ONE advantage of an overhead camshaft? 

a. Operating efficiency of the engine is increased 
b« Long linkages to the rocker arms are eliminated 
c« Engine vibration at idling speeds is decreased 

25* What is gained by the use of the engine families concept? 

a* The compression ratios can be varied more easily. 

b. The engines 6*n operate on any fuel available in the field 

c. A greater interchangeability of parts is provided 
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1. INTRODUCTION. 

a. The keynote of future wars will be mobility. Mobility implies 
more transport of more people and more weapons than we have ever known 
before. The vehicles needed to accomplish greater mobility nay some day be 
powered by turbines, fre* piston engines, or nuclear reactors. For the 
present, however, our vehicles must rely on conventional piston engines. 

b i ^ B ? ln * le ^tor of fuel consumption is being attacked, not 

because of the dire prophecies of ultimate depletion of our petroleum 

resources, but because reduction in fuel consumption by our forces means 

overall reduction in expenditures of time, machines, and transportation. 

3. Since the piston engine remains our primary powerplant, it is 
obvious that maximum improvement i n economy must be achieved through the use 
of compression ignition engines. 

2. DIESEL ENGINES. 



*• fittlniiiaa* A diesel engine is an internal combustion engine in 
hich ignition is derived from the heat of compression. The diesel engine 
requires no aid for ignition; the fuel being ignited solely by contact with 
the air heated during the compression stroke. 
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b. History * The diesel engine Dears the name of Dr. Rudolph Diesel, 
a German engineer. He is credited with constructing, in 1897 f the first suc- 
cessful diesel engine using liquid fuel. His objective was an engine with 
greater fuel economy than the steam engine, which used only a small percent- 
age of the energy contained in the coal burned under its boilers. Dr. Diesel 
originally planned to use pulverized c<">*i as fuel, but his first experimental 
engine in 1893 was a failure. After a second engine also failed, he changed 
his plan and used liquid fuel. The engine then proved successful. 

c. Applications . The early diesel engines were quite large and 
heavy compared to gasoline engines and were used chief? y for heavy-duty sta- 
tionary applications. However, the diesel engine of today can be used for 
almost as many purposes as can the gasoline engine. Constant improvement 
through the years has brought chem to the point where they can be used *juc- 
cessfully in trucks and buses. They are still relatively heavy and expensive 
(initial cost) when compared to their gasoline counterparts, but their high 
thermal efficiency makes them quite suitable for any heavy-duty application, 
where, during a long period of time, they will pay for themselves many times 
over in fuel savings. One of the most recent applications has been in ths 
field of armored combat vehicles with the introduction of the M60 tank, which 
is powered by an air-cooled diesel engine. 

d. Diesel engine classifications . The major classification of 
American diesel engines is made by the speed at which the engine normally 
operates. The Society of American Engineers has set up a standard classi- 
fication that is followed by all American manufacturers. This classification 
is as follows: 

(1) Low speed - below 500 RPM. 

(2) Medium speed - 500 to 1,000 RPM. 

(3) High speed - over 1,000 RPM. 

e. General mechanical construction . The diesel engine is mechani- 
cally similar to the gasoline engine, but it is somewhat heavier in construc- 
tion due to higher cylinder pressures. Both engine types utilize air, fuel, 
compression, and ignition. Intake, compression, power, and exhaust occur in 
the same sequence; arrangements of pistons, connecting rods, and crankshafts 
are similar. Both are internal combustion engines; that is, they extract 
energy frou a fuel-air mixture by burning the mixture inside the engine* 

f « Comparison of the 4-stroke-cv cle diesel and gasoline engines. 

(1) Fuel intak e and igniti m of fuel-air mixture. In principles 
of operation, the main difference between 4-stroke-cycle gasoline and diesel 
engines (fig* 1 and 2) is the two methods of introducing the fuel into the 
cylinder and of igniting the fuel-air mixture. Fuel and air are mixed 
together before they enter the cylinder of a gasoline engine. The mixture is 
compressed by the upstroke of the piston and is ignited within the cylinder 
by a spark plug. (Devices other than spark plugss such as "firing tubes," 
are sometimes used.) Air alone enters the cylinder of a diesel engine on the 
intake stroke. This air is compressed by the upstroke of the piston and the 
diesel fuei is injected into the combustion chamber near the top of the 
upstroke (compression stroke). The air becomes greatly heated during com- 
pression and the diesel fuel ignites and burns as it is injected into the 
heated air. No spark plug is used in the diesel engine; ignition is by 
contact of the fuel with the heated air, although "glow plugs" are used in 
some models of diesel engines to assist in starting. Pressure developed by 
the compression stroke is much greater in the diesel engine in which pres- 
sures as high as 500 pounds per square inch (PSI) are common. For each pound 



OS 607, 3-P2 



S3 



of pressure exerted on tne air, there will be a temperature increase of about 
2" F. At the top of the compression stroke (when the pressure is highest) 
the temperature in the chamber will be about 1,000° F. This heat ignites the 
fuel almost as soon as it is injected into the cylinder, and the piston, 
actuated by the expansion of the burning gases, then moves down on the power 
stroke. In a gasoline engine, the heat from compression is not enough to 
ignite the fuel-air mixture and a spark plug is therefore necessary. 




■ A ■ 




INJECTION 




INTAKE 




COMPRESSION 




Exhaust 



Figure i. Four-stroke-cycle diesel engine. 

(2) Control of speed and power . The speed and the power output 
of diesel engines are controlled by the quantity of fuel injected into the 
cylinder. This is opposed to the common gasoline engine that controls speed 
and power output by limiting the amount of air admitted to the carburetor. 
The difference is that the diesel engine controls the quantity of fuel, 
whereas the gasoline engine regulates the quantity of air. In the diesel 
engine, a varying amount of fuel is mixed with a constant amount of com- 
pressed air inside the cylinder. A full charge of air enters the cylinder on 
each intake stroke. Because the quantity of air is constant and the amount 
of fuel injected is below the maximum established by the manufacturer in 
designing the engine, there is always enough ^ r in the cylinder for complete 
combustion. A device in the carburetor of the gasoline engine controls the 
amount of air admitted. The amount of air ana its velocity, in turn, control 
the quantity of fuel that is picked up and mixed with air to be admitted to 
the cylinder. The amount of mixture available for combustion determines 
power output and speed. It is apparent, therefore, that the controlling 
factor in the speed and power output of a gasoline engine is the quantity and 
velocity of air passing through the carburetor. 
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Figure 2. Comparison of sequence of events in dies el end gasoline engines. 
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piston is at the upper part of its travel tm « m**„« ZZ ; i n 

mixture .favt *K^.,r j , a travei4 Anis means that the volume of the 

E ? \ ° & -^^"s^ Kr^uiaraiJSSi"- 

wnne the diesel cycle is said to have constant pressure combustion. 
«• Principles of the ?- stroke d^el ovale . 

the 4-stroke ( cv e ?rin t ?h a ff f Pr1n,?1PlW11 - J he 2 - strol <« cycle differs from 

crankshaft (f2 « iiSi. 0 "! POWCr f troke occurs for each revolution of the 
tike place but tnev I£ P 0 !^""^ 0 , injection, power, and exhaust still 
revolution' «r f h y °«? leted in just two strokes on the piston (one 
Zta£t SlJls Lt ^SI*^* Als< \ in ™ ost ensin" there are' no intake or 

Into ?he cyllnde? Ll! %h« 6re V intakC ^ exnaust P° rts are cut 

into tne cylinder wall. These ports are covered and uncovered bv the niston 

at the proper times to provide for the intake of air and thl exhiustinJ of 
iJ?iL P fJ UCt ii 0f K C ?°u USti0n - Sorae en * ines utilizelntake portl in Jhe 

One "f the^iin aLaT Wh '5' t ValV " in tne to P of th e combustion chamber. 
One f the main advantages of using ports rather than valves is that there 

l?ncl tll Ell"? P3 i tS t n th ! 6ngine ' ^ th " '•"•«" maintenance Sroblems! 
•n^n- !< ? f ° r ^ take and exhaust is limited in the 2-stroke diesel cycle 
nrlnu^.^r 13 k 3 ^ 17 Su PP lied "n^er pressure by a blower. Because the 
products of combustion are usually being exhausted when the intake oortl a r« 
uncovered the incoming air helps push these exhaust gase! oJ of the 
t r* , f effect is called scavenging, and the airflow during scaveLin* in 
inuSt°r atl «; S J r0l r e " 0y01 ? dl T Ml Sngine oan * seen in the upplr 5e?tHhan5 
olower suppTies Sfto tne adva " ta * e of scavenging is that, sSnce the 

Diower supplies air to the cylinders under pressure, more air can *nf*r fh* 

Thus therff W ° Uld be 3ble t0 ent6r if the Pressure^ereltmospherK: ^ 
Thus, there is more oxygen available for the combustion of the diesel fuel. 




Figure 3. Schematic diagrams depicting the 2-stroke diesel engine. 
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(2) AppllgfrUgg*' The 2-stroke cycle is used for both spark 
Ignition and compression ignition engines. However, its use for the spark 
ignition engine is normally restricted to those of low power output, such as 
power lawnmowers, portable air compressors, and portable marine engines The 
2-stroke gasoline engine is rather inefficient because some of the incoming 
charge, which includes fuel, may be lost to the atmosphere through the 
exhaust ports in order to obtain high power output per unit displacement. 
The diesel engine made the 2-stroke cycle practical. It will be recalled 
that the intake charge of the diesel engine consists only of air. Therefore, 
no potential chemical energy is lost should some of the charge be expelled to 
the atmosphere through the exhaust ports* In fact, such a condition will 
assure more compete scavenging or exhaust gases and, hence, a maximun amount 
of air is availai 1* in the combustion chamber to burn the incoming fuel. 

h- Comparison of the 2-stroke and 4-atroka d iesel cycles . As with 
gasoline engines, since the 2-stroke cycle has one power stroke per crank- 
shaft revolution while the 4-stroke cycle produces one power stroke per two 
revolutions, it should first appear as though the 2-stroke-cycle diesel 
engine would be capable of delivering twice as much power as a 4-stroke-cycle 
diesel engine of the same piston displacement. However, there are many 
practical considerations which limit the power of a 2- *troke-cycle engine to 
l<*ss than twice as much as the output of a comparable 4- stroke -cycle engine* 
Due to the factors discussed in the next two paragraphs, it will be seen that 
both the 4-stroke -cycle and the 2-stroke-cycle diesel engines have their 
relative advantages and disadvantages. 

(1) Characteristic s affecting pow er output . To allow for reason- 
able scavenging of the exhaust gases from the cylinder of a 2-stroke engine- 
th- exhaust valves or ports trust open earlier than in a 4-stroKe-cycle 

en m e. Thus, the effective power stroke in a 2-stroke-cycle engine is 
shor ,er than in a 4-stroke-cycle engine with the same total piston travel* 
In addition, the incoming air must help scavenge the exhaust gases in a 
2-stroke-cycle engine and, thus, less air is actually available for combus- 
tion purposes than in a 4-stroke-cycle engine with the same piston displace- 
ment* This is compensated for, to a certain extent, by the fact that most 
2-stroke-cycle diesel engines use a blower that forces air into the cylinder 
under pressure. Also, the power required to drive the blower on a 2-stroke- 
cycle engine must be furnished by the engine itself, which, of course, 
decreases the power output* 

(2) Heat dissipation characteristics. An important factor to 
consider when evaluating the relative merits of the 2-stroke and 4-stroke 
diesel cycles is heat dissipation characteristics. In a 4-stroke-cycle 
engine, there is more opportunity for the dissipation of heat from valves, 
pistons, and other criticial engine parts, since a power stroke occurs on 
every other revolution; whereas, in the 2-stroke-cycle engine, a power stroke 
occurs on every revolution of the cr-nkshaft. In view of this, 4-stroke- 
cycle engines can operate without experiencing overheating or valve damage. 
This can be somewhat compensated for in 2-stroke-cycle engines through a 
proper cooling system design* 

i* Diesel fuels. The fuels used in modern high-speed internal com- 
bustion diesel engines are a product of the petroleum refining process* They 
are heavier than gasoline because they are obtained from the leftovers, or 
residue, of the crude oil after the more volatile fuels, such as gasoline and 
kerosene, have been removed. The large, slow mning diesel engines used in 
stationary or marine installations will bum almost any grade of heavy fuel 
oil, but the high-speed diesel engines used in automotive installations 
require a fuel as light as kerosene. Although the diesel fuel is different 
from gasoline, its specification requirements are just as exacting as those 
of gasoline. Of the various properties to be considered in selecting a fuel 
for diesel engines, the most important are cleanliness, viscosity and igni- 
tion quality, 
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£laiaiiQl3L5* Probably the most necessary property of a 
diesel fuel is cleanliness. The fuel stould noc contain more than a trace of 
foreign substance; otherwise, fuel pump and injector difficulties will occur. 
Diesel fuel, because it is heavier and more viscous than gasoline, will hold 
dirt in suspension for longer periods of time. Therefore, every precaution 
must be taken to keep dirt out of the fuel system or to eliminate it before 
it reaches the pumps. Water is more objectionable in diesel fuels than it is 
in gasoline because it will cause ragged opera£ten and corrode the fuel sys- 
tem* The least amount of corrosion of the accurately machined surfaces in 
the injection equipment will cause it bo be come inoperative. Careful fil- 
tration is especially necessary to keep diesel engines efficient. Diesel 
fuels are more viscous than gasoline. They con-ain more gums and more 
abrasive particles, which may cause premature wear of the injection equip- 
ment. The abrasives may consist of material difficult to eliminate during 
the process of refining, or they may enter the fuel tank through careless 
refueling. Whatever the source, it is imperative that means be provided to 
protect the system from these abrasives. Most diesel engine designs include 
at least two filters in the fuel supply systems to protect the closely fitted 
parts in the pumps and nozzlea. The primary (coarser) filter is usually 
located between the supply tank and the fuel supply pump and the secondary 
If i,;Ti , b€ " ween the supply pump and the injection pump. Addil 

tional filtering elements are frequently installed between the in lection pump 
and the nozzle. Diesel fuel oil filters are referred to as full-flow 
filters, since all fuel must pass through the filters before reaching the 
injector pumps. Filters aust be inspected regularly and cleaned or replaced 
if maximum efficiency is to ^e maintained. There are two types of fuel 
filters used in the fuel supply systems of diesel engines— metal-disk-type 
and cloth-bag-type filter elements. A diesel oil filter usually incorporates 
an air vent to release any air that might accumulate in the filter during' 
operation. a 

( *' AU aetal-disk-type filters have a cleaaable element; 
metal filters are used as primary filters because the fine particles that may 
pass through them are not injurious to the supply pump, as they would be to 
the injection pump. After removing the shell, which acts as a settling 
chamber, the strainer assembly can be removed and cleaned with a suitable 
liquid cleaning solution. 

Cajitlfi&. Do not use compressed air on the strainer assembly di3ks. 

Some fuel filters incorporate a cleaning knife. Solids A arger than 0.005 
inch remain on the outside of the element, and the cleaning knife serves to 
scrape the deposits off the filtering disks. The solids fall to the bottom 
of the housing where they can be removed through the drain plug hole. A ball 
relief valve in the filter cover enables the oil to bypass the filter element 
it the disks oecome clogged. 

(b) The cloth-bag-type (fabric^ filters, because of their 
greater filtering qualities, are used principally as main filters for pro- 
tecting the fuel injection pump* Many of the filters in use are similar to 
the lubricating oil filter. In this type of filter, the element is not 
clearable and must be replaced. The filtering medium is a large bag of 
close, evenly woven, lintless, acid-resisting textile material. Maximum 
beneiit is derived from the bag's large area by keeping the sides of the bag 
serrated by a wire screen mat. The screen is the same size as the bag, and 
the tv^ are detachat fastened to a central feeding spool and wound around 
it. Layers of bag ana screen are thus alternated through the winding, and 
the entire surface of the bag is available for filtering purposes. The fuel 
to be filtered flows from the filter inlet at the top, through the spool, and 
out the ports to the inside of the bag. The dirt, solids, abrasives, carbon, 
etc, are cautjht in the bag, and the clea/i fuel passes outward and to the* 
filter outlet. 
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(2) Viscosity and pour point. The viscosity and pour point of a 
fuel indicate its fluidity* Viscosity is the terra used to indicate the 
internal friction or resistance to flow of a liquid* It is measured in 
seconds, the time required for a measured quantity of liquid fuel at 100° F 
to pass through a calibrated hole in a viscometer* The lowest temperature at 
which fuel oil will Just flow (under controlled test conditions) is called 
the pour point. It indicates the suitability of the fuel for cold weather 
engine operation, since the fuel must remain fluid in order to be handled by 
the fuel system. Unless arrangements are made for heating, the fuel must not 
be more viscous than 550 seconds at the lowest operating temperature, or it 
will not flow through the fuel system* While maximum viscosity is limited by 
handling considerations, minimum viscosity is also limited by injection sys- 
tem requirements* The fuel must have sufficient body to lubricate the 
closely fitted pump and nozzle plungers properly. In order to do this and to- 
prevent wear, ^coring, and sticking, the fuel should have a viscosity greater 
than 35 seconds at 100° F. The fuel must also be viscous enough to prevent 
leakage at the pump plungers ind "dribbling" at the injection nozzle. Leak- 
age occurs when the fuel viscosity is less than 34 or 38 seconds at 100° F, 
depending upon the type, temperature, and pressure of the injection system- 
Fuel shipped from a refinery is usually free from water and sediment, Diesel 
fuel, being more viscous than gasoline, will hold dirt in suspension longer. 
As it is transferred from tank to tank from the refine y to the engine, it 
will sometimes pick up sufficient water and sediment to corrode the fuel pump 
parts or injection system parts. To prevent this, care must be exercised in 
handling fuel and line fuel strainers must be adequate to remove any water or 
sediment which has found its way into the fuel; therefore, the filters must 

be checked frequently. A fuel's viscosity also determines the size of the 
fuel-spray droplets which, in turn, govern the atomization and penetration 
qualities of the spray* 

(3) Ignition ouaUtv. 

(a) The ignition quality of a diesel fuel is its ability to 
ignite spontaneously (without mechanical assistance, such as a spark) under 
the conditions existing in the engine cylinder. The spontaneous ignition 
point of a fuel is a function of temperature, pressure, and time. A fuel 
with a good ignition quality (one that will ignite at low temperatures) is 
most desirable for diesel engines for several reasons. Smoking, knocking, 
and ease of starting are somewhat dependent on the ignition quality of the 
fuel. An engine will start if, after compression, the temperature in the 
engine cylinder is above the ignition temperature of the fuel. Compression 
temperature is related to outside air temperature; so, the lower the ignition 
temperature of the i uel , the lower the possible atmospheric temperature at 
which the engine will start. If the ignition temperature of a fuel is too 
high, the engine will smoke — particularly at light loads when engine tempera- 
tures are low. Diesel fuels (like gasoline) are composed of fractions or 
parts, each having different characteristics; some are light and volatile and 
others heavy and less volatile. The ighter parts will i t ;nite at a lower 
temperature, while the heavier parts require a higher temperature to ignite. 
The ignition quality of diesel fuels is indicated by cetane numbers, just as 
octane numbers are used to indicate the antiknock quality of gasoline. The 
ignition quality of a diesel fuel is determined by comparing it with a stan- 
dard reference fuel, according to the cetane number scale. To obtain the 
cetane number of a fuel, a special test engine is used. This engine, oper- 
ating under controlled conditions and using a mixture of cetane that has good 
ignition qualities and alpha-methyl-napthalene that has poor ignition 
qualities, is used to establish a standard of measursment. 
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period between the time of injection and ignition. When th! fuel is 
injected, it must first vaporize, then superheat until it Snally Caches th- 
spontaneous-ignition temperature under the proper conditions to start eoib us! 
HIV* i ?, r ? qu K? d f0r 3uffic i e nt fuel molecules to go tSojS thil 

de y iav During tif^ i0n \^ U X™ 13 ° alled igniti °n A Or IgnSJon 

Durin 8 this same time, other portions of the fuel are being injected 

theref 8 the 3ame Pha3e3 ' but behind f -he ignition potion 

oorMln^Ar ^ the / lame 3preads fr0ra tne P° in t of ignition, appreciable 
nfrH°,n , th ! oharge reach their spontaneous ignition temperatures at 
fn^«« 3 i ly the Same in f tan t. This rapid burning causes a very rapii 
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engine* 3IB00thl y without detonation than is possible wi" tSe gasoline 
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j. Types of combustion chamber . The fuel injected into the 
combustion space of a diesel engine must be thoroughly mixed with the com- 
pressed air and distributed as evenly as possible throughout the chamber. 
Hone of the liquid fuel should strike the chamber walls* It is essential 
that the shape of the combustion chamber and the characteristics of the 
injected fuel spray be closely related* There are many types of combustion 
chambers in use today, but they are all designed to produce one effect— to 
bring sufficient air into contact with the injected fuel to provide complete 
combustion at a constant rate. All modern combustion chamber designs may be 
classified under one of the following headings: open, precombustion, turbu- 
lence, or divided chambers* Designs which fall under two or more headings 
will be covered under the heading which is the most applicable* 

(1) Open chamber . The open chamber (fig is the simplest form 
of chamber, but its use is limited to slow-speed engines and a few high- 
speed, 2-stroke-cycle engines* The fuel is injected directly into the com- 
bustion space at the top of the cylinder* The combustion space, formed by 
the top of the piston and the cylinder head, is shaped to provide a swirling 
action of the *ir as the piston comes up on the compression stroke* There 
are no special cells, pockets, or passages to aid the mixing of fuel and air* 
This type of chamber requires higher injection pressures and a greater degree 
of fuel atomization than is required by the other types to obtain the same 
degree of mixing* 




Figure 4. Open combustion chamber* 



7l 
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(2) Precombustion chamber. The precombustion chamber (fig 5) is 
an auxiliary chamber at the top of the cylinder. It is connected to the 
clearance volume above the piston through a restricted throat or passage. 
The precombustion chamber conditions the fuel for final combustion in the 
cylinder and distributes the fuel throughout the air in the cylinder in such 
a way tnat complete, clean burning of all the fuel is assured. On the com- 
pression stroke of the engine, air is forced into the precombustion chamber 
and, since the air is compressed, it becomes hot. Thus, at the beginning of 
injection this small chamber contains a definite volume of air. Conse- 
quently, combustion of the fuel actually starts in the precombustion chamber, 
since the fuel is injected into the chamber* Only a small par of the fuel 
is burned in this chamber because there is only a limited amount of oxygen 
present with which it can unite* The small predetermined amount that burns 
creates heat that, in turn, creates high pressure within the precombustion 
chamber; as injection continues, this high pressure forces the fuel at great 
"slocity into the cylinder. There is ample oxygen pi jent in the cylinder to 
t- rn all the fuel completely, regardless of the speed or load under which the 
engine is operating* Fuel injection pressures need not be as high with this 
type of chamber as in the open fuel type* A coarser spray is satisfactory 
because the function of the chamber ds to vaporize the fuel further before it 
enters the cylinder. 




Figure b. Diesel engine precombustion chamber. 

(3) Turbulence chamber . The turbulence chamber (fig 6) is simi- 
lar in appearance to the precombustion chamber, but its function is differ- 
ent. There is very little clearance between the top of che piston and the 
head, so that a high percentage of the air between the piston and the cylin- 
der head is forced into the turbulence chamber during the compression stroke. 
The chamber is usually spherical, and the opening through which the air must 
pass becomes smaller as the piston reaches the top of the stroke, thereby 
increasing the velocity of the air in the chamber. This turbulence speed is 
approximately 50 times crankshaft speed. The fuel injection is timed to 
occu' when the turbulence in the chamber is the greatest. This insures a 
thorough nixing of the fuel and the air, with the result that the greater 
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greater part of combustion takes place in the turbulence chamber itself. The 
pressure created by the expansion of the burning gases is the force that 
drives the piston downward on the power stroke. 




Figure 6. Diesel engine turbulence chamber * 
(4) Divided chamber. 

(a) The divided chamber (fig 7), or combination precombustion 
chamber and turbulence chamber, prob^j.y is better known by the trade name 
"Lanova combustion chamber." Like the open chamber combustion system, the 
combustion is controlled. Like the turbulence chamber type, the Lanova sys- 
tem depends on a high degree cf turbulence to promote thorough mixing and 
distribution of the fuel and air, but, unlike it, this entails no increase in 
pumping losses. Ninety percent of the combustion chamber is directly in the 
path of the in-and-out movement of the valves. The turbulence in the Lanova 
system is dependent upon the thermal expansion and not on engine speed, as 

7« the other systems. 

(b) Primarily, the Lanova system involves the combination o*' 
the figure 8-shaped combustion chamber, situated centrally over the piston, 
and a small air chamber Unown as the energy cell. In its latest development, 
this energy cell is comprised of two separate chambers—an inner and an 
outer. The inner chamber, which is the smaller of the two, opens into the 
narrow throat between the two lobes of the main combustion chamber through a 
funnel -shaped venturi passage. The larger outer chamber communicates with 
the inner one through a second veaturi. Directly opposite the energy cell is 
the injection nozzle. 

(c) During the compression stroke, about 10 percent of the 
total compressed volume passes into the energy cell, the remainder staying in 
the figure 8-shaped combustion chamber. The fuel is injected in the form of 
a pencil stream that passes directly across the narrow throat of the combus- 
tion chamber, most of it penetrating into the energy cell. A small portion 
of the boundary layer follows the curvature of the combustion chamber lobes 
and swirls into vortexes within them, thus indicating a weak combustion. The 
fuel entering the energy cell is trapped, for the most part, in the small 
outer cell, but a small part passes into the larger outer cell where it meets 
a sufficient quantity of superheated air to explode violently. This explo- 
sion produces an extremely rapid rise to high pressure within the steel 
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energy cell, which blows the main body of the fuel lying in the inner cell 
back into the main combustion chamber where it meets the main body of air* 
Here, owing to the shape of the chamber, it swirls around at an exceedingly 
high rate of turbulence, thus burning continuously as it issues from the 
energy cell. Owing to the restriction of the two Venturis connecting the 
en*'gy cells, the blowback of fuel into the combustion chamber is controlled 
so tha. this operation consumes an appreciable period of time, producing a 
prolonged and smooth combustion in which the rate of pressure rise on the 
piston is gradual. 




WMNcnoN commmoH m mmm cm 




Figure 7* Lanova divided chamber - fuel combustion, 
k. Fuel injection principles . 

(1) Methods* There are two rat '.hods of injecting the fuel against 
the air pressure in the cylinder of a diesel engine: air injection, where a 
blast of air from an external source forces a measured amount of fuel into 
the cylinder; and solid injection, where the fuel is forced into the cylinder 
by a dirfect pressure on the fuel itself. The discussion which follows will 
be limited to those systems utilizing solid injection, because the air injec- 
tion system has been proved impractical for automotive installations. 

(2) Fuel atomization and penetration. The fuel spray entering 
the combustion chamber must conform to the shape of the chamber so that the 
fuel particles will be well distributed and thoroughly mixed with the air* 
The shape of the spray is determined by the degree of atomization and pene- 
tration produced by the orifice through which the fuel enters the chamber. 
"Atomization" is the term used to denote the size of the drops into which the 
fuel is broken; whereas, penetration is the distance from the orifice which 
an oil drop attains at a given phase in the injection period. Roughly speak- 
ing, the penetration of a spray depends on the length of the nozzle orifice, 
the diameter of the orifice outlet, the viscosity of the fuel, and the pres- 
sure on the fuel. Penetration increases with the increasing ratio of the 
length of the orifice to its diameter; atomization, however, is increased by 
decreasing the ratio of the length of an orifice to its diameter. Since 
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penetration and atomization are mutually opposed to each other, a compromis 
is necessary if uniform fuel distribution is to be obtained. The amount of 
pressure required for efficient injection is dependent on the pressure of the 
air in the combustion chamber, the size of" the orifice, the shape of the com- 
bustion chamber, and the amount of turbulence produced in the combustion 
space. 

(3) Function of injection system . The function of each system is 
to meter the fuel accurately, deliver equal amounts of fuel to all cylinders 
at a pressure high enough to insure atomization, and control the start, rate, 
and duration of injection. 

3. MULTIFUEL ENGINES. 

a. General* 

(1) No matter how a barrel of crude oil is refined, one of the 
major end products is gasoline- The requirements of the Armed Forces and 
internal transport will govern the total quantity of middle distillate fuel 
that will be available* In addition, the extreme demand by these services 
for middle distillates and heavier fuels makes it evident that gasoline is 
the only fuel that will be in long supply* Therefore, it is not only desir- 
able but necessary that the engines of ground vehicles that operate on middle 
distillates must also be capable of burning this readily available hydro- 
carbon* 

(2) Compression ignition engines that will run on gasoline can 
also become engines that will run on fuels of higher cetane* An engine that 
will operate over a workable fuel spectrum will enable our Armed Forces to 
fight anywhere in the world on fuels shipped from the continental United 
States, from its allied producing areas, and on fuels available in the area 
of action itself. 

(3) The reason the military has a need for multifuel type engines 
is due to the logistical problem* It is well known that military operations 
in any area of the world will involve a large amount of automotive equipment* 
The fuel required to keep the equipment running is enormous, and tne trans- 
portation of this fuel is a great problem* The burden of transporting the 
required fuel would be greatly eased if engines would do the following: 

(a) Utilize all available fuel in the range from medium 
octane gasolines through middle distillates* This would vastly increase the 
amount of usable fuel available to automotive vehicles* 

(b) Op' ate efficiently on any fuel that is available in 
their area of operation* 

(c) Give better fuel economy than existing powerplants. 

(4) The multifuel engine is the only powerplant concept that will 
have the omnivorous but restrained appetite needed to meet these require- 
ments* 

b* Requirements * A multifuel engine is defined as an engine that 
meets the following Army requirements: 

(1) The engine must operate on all types of fuel without manual 

adjustment. 

(2) It must start and operate at temperature ranges from -25° F 
to 4.115° F without off-engine auxiliary equipment. 
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, J fc oust develop full engine power output on any fuel (propor- 

tional only to the specific heat of each fuel). 

(4) The engine cooling system package must weigh no more than 6 
pounds per horsepower developed. 

c. Develoment. 

j . ^ . (1 i initial step in developing a multifuel engine was select- 
ing the type of engine that could best be converted. The first engine 
examined was the one used most extensively by the Army— the gasoline engine. 
This engine was readily eliminated for the following reasons: 

- . WJ w (a) Gasoline engines operate on high octane, highly volatile 
ruels, which can only be produced from a small area of the available fuel 
spectrum* 

fhA ww,, /*i Fuel economy in gasoline engines is still poor, even with 
the much publicized gasoline injection system. Since shipping of fuel (which 
exceeded 50 percent of all supplies shipped in World War II and the Korean 
Conflict) is strictly a logistical problem, gasoline engines are not economi- 
cally practicable. 

U \ Th ?,. die ? el m * selected because it is an internal 

combustion engine like those previously discussed. It requires air, fuel, 
and ignition. 9 

(3) Other engines, such as the gas turbine and free piston 
engines, are truly multifuel engines. Gas turbines show much promise and 
development programs are being conducted in the 600-horsepower and 300- 
horsepower range. These turbines are expected to approach diesel engine Aiel 
economy at part and full loads. 

i f 4 * BflMflag f?r WlWttm the diesel engine for co n version to a 
multifuel engine. 

*w 4 i (1 ] First » there are intake and exhaust valves on each engine, 
me diesel engine uses an injector pump and/or a nozzle instead of a carbu- 
retor and does not employ spark plugs. Ignition in diesel engines is 
attained by compressing the air in the cylinder to a point where its tempera- 
ture is greater than the s*lf -ignition temperature of the fuel and, then, 
injecting fuel into the high temperature air where it ignites and burns. The 
expansion as a result of the burning fuel -air mixture produces the energy 
required to accomplish work. It is an established principle that as the com- 
pression ratio of an engine is raised, the efficiency increases accordingly. 
This means that more peer can be obtained from the same amount of fuel. The 
economy of a diesel engine in comparison to an electrical ignition engine is 
therefore well established. Experiments have also proven that diesel engines 
will operate on such fuels as kerosene and JP-4. 

m , M < 2 > Selection of the diesel engine for application to the multi- 
fuel principle still left certain unsolved problems. 

(a) Should the engine be air-cooled or liquid-cooled? 

(b) Should the open chambeV or auxiliary chamber be used? 

(c) Should the 2-cycle or 4-cycle principle be used? 

(d) How should control of combustion be maintained? 

(e) How could fuel system efficiency be maintained? 
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e. US Armv multifuel engine. The engine adopted by the US Army was 
developed by Continental Motors* 

(1) The engine manufacturers adopted the MAN "Controlled Evapora- 
tion" principle. This combustion process was developed by Dr« Meurer, of 
Germany, as a result of his study of the reaction of kinetics involved in the 
diesel combustion process. 

(a) This combustion principle, which Continental calls hyper- 
cycle, differs from that of most other systems where the fuel is sprayed 
directly into the air in the combustion chamber. In this system, fuel is 
sprayed on the walls of the spherical combustion chamber in the direction of 
the air swirl (fig 8). Through the use of a special intake port, the induc- 
tion air is given as swirling motion which persists into the combustion 
chamber and continues to supply oxygen to the slowly evaporating fuel. A 
small portion of the fuel, about 5 oercent, breaks away from the jet before 
it hits the surface. This 5 percent goes through the normal ignition lag and 
combustion just as in a diesel engine. The remainder of the fuel, lying on 
the relatively cool piston and moving with the air, evaporates at a slower 
rate. It forms a combustible mixture whose composition has a higher self- 
ignition temperature than those mixtures formed by the same fuels when 
subjected to rapid evaporation in the presence of excess oxygen, as occurs in 
the normal diesel. 




FUEL DEPOSITED ON WALLS OF THE SPHERICAL COMBUSTION 
CHAMBER INSTEAD OF SPRAYED INTO AIR SPACE. 



Figure 8. Start of injection. 
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(b) Since this mixture has a higher self -ignition temperature 
it will not auto-ignite, but must be ignited by the initial 5 percent of the 
fuel which is burning* Only the portion that is vaporized at any interval 
will burn, and this quantity of fuel is never large enough to produce high 
pressure rises* 

(c) The burning of the fuel as evaporation takes place pre- 
vents accumulation of large amounts of vaporized fuel so that knocking does 
not occur on low cetane gasoline* 

(d) Since the ability of any diesel engine to ignite fuel is 
dependent upon the compression temperatures, it is important that certain 
minimum operating temperatures are maintained during light load and idle 
conditions, especially for arctic operation* For this reason, a water-Jacked 
intake manifold maintained at a minimum of 150° F f by the water temperature 
thermostat, is used to increase induction-air temperatures in cold climates* 

(e) Starting ability without outside aids in temperatures of 
-25° F is an essential requirement of military vehicles; therefore, an intake 
manifold flame heater is a standard item on this engine* Fuel, which is 
sprayed into the intake manifold by a special nozzle and ignited by a spark 
plug, burns a small portion of the oxygen in the induction system while the 
engine is being cranked* Induction air temperatures of approximately 300° F 
are obtained during cranking with the flame heater operating, allowing suc- 
cessful starts down to temperatures of 40° below zero* 

(2) The LDS-465-1 engine (fig 9 and 10) is a 4-cycle, in-line, 
6-cylinder, overhead valve, turbocharged, liquid-cooled, compression-ignition 
engine rated at 210 horsepower at 2,800 RPM, It will operate successfully on 
diesel fuel, compression ignition fuel, or regular gasoline with no modifica- 
tion or adjustment necessary when changing grades of fuel* This engine was 
developed to power the Army 5-ton wheeled vehicle* It is also a hypercycle 
multifuel engine that operates on a compression ignition 4-cycle diesel prin- 
ciple, similar to the 4-cycle diesel and gasoline engines* A fuel density 
compensator is provided as a part of the fuel injector pump to automatically 
maintain constant full power, regardless of the type or mixtures of fuel 
being used in the engine* Mechanically, this 4-cycle, compression-ignition 
engine and the gasoline engine are alike in respect to internal moving parts* 

(a) Intake stroke * Air is forced into the cylinder through 
the open intake valve by atmospheric pressure during cranVing, or by the 
turbocharger during engine operation* The intake passage, in the intake 
manifold and valve port opening, is designed to produce an air swirl in the 
cylinder as the air enters the combustion chamber during the intake stroke of 
the piston* 

(b) Compression, injection, ard power stroke * On the upward 
movement of the piston the air swirl continues, which raises the compressed 
air temperature to between 900° and 1,000° F* Near the top of the compres- 
sion stroke, fuel is injected oy the fuel injector nozzle* A small amount 
(about 5 percent) of injected fuel is deposited as a thin film on the walls 
of the spherical combustion chamber in the head of the piston* This small 
amount of fuel charge is atomized into the airspace in the spherical combus- 
tion chamber, which is located in the head of the piston, and functions as a 
spark plug for the rest of the charge* During the ignition delay period, the 
main portion of the charge is exposed to a temperature below its cranking 
temperature and is undergoing precombustion reactions* 
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flgur. 9. LDS-465-H engln. uw.bly- 3 /« l,f t treat ««.. 

(4) Any following successive portions of fuel will un fh* 

spherical combustion chamber. The air swirl continues to S, w th ! h . 

th P e Pft ^e U r rf s ?roke f TrMt^ V SpSiS tT/ou Sout 

naU„T3etona 0 Uon°LocS. PiStOn * thUS Mintaini ^ even combustion and efini- 
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figure 10c LDS-465-1A engine assembly— right rear view* 

(C) Exhaust strcke* The exhaust stroke is the same as in the 

conventional diesel engine* The piston is pushed up through the cylinder by 

the crankshaft, forcing the exhaust gases out of the cylinder through the 

exhaust valve port vrhich is timed to open on the exhaust stroke* 

f* At present, there are conclusive tests to indicate h« w 
Continental solved the fuel efficiency problem. The best test of how multi- 
fuel capacity is built into an engine is to compare its performance on 
several fuels* Compared with a standard spark ignition engine, the LDS-JI65 
was more efficient burning gasoline, JP-4, and diesel fuel.- Also, since 
gasoline has approximately 12 percent less heating value than diesel, this 
engine was actually more efficient on gasoline than it was on diesel fuel* 
This, then, is further evidence of the sacrifice in optimum diesel perfor- 
mance that had to be made to obtain multifu*! capacity. 
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tain combustion coStro In" Si* JZtlZ stii ?! " ec « sa 7 measures to main- 
design problems and Army rLuir™". efficiently on all fuels. Other 
coaponent life, fuel ™lnw 2T2!:.5fi ** lu ^ication, heat rejection, 
solved by conv;nflon a r«ethods^ 0peratlon in •*-«••■• temperatures, are 

PRINCIPLES OF MUtTIFUEL ENGINES, 
gasoline. ^ e dlesel ^el to highly volatile 
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Figure 11, Piston shapes* 

variety of fS^%wIrifni P a a ?f rap H S * tnis controlled combustion on a wide 
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fuel charge is at-r>miT«rf * piston cr^g n). This small amount of 
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the SuS;« P tti^«^? < «n n S t 1 l0M "V 3park pluS for the "emainder of 
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fuel burns snoothly in the spherical combustion chamber over a period of 
time. The air swirl continues to remove only the upper surface of deposited 
fuel for combustion expansion throughout the power 3troke of the piston, thus 
maintaining even combustion and eliminating detonation knock. 





Figure 12. Air intake stroke. Figure 13. Air compression stroke. 

5. COMPONENTS OF MULTIFUEL ENGINES, 
a* Fuel de nsity ^pmnensator . 

(?) In the early models of the multifuel engine, the power output 
varied greatly with the fuel being used. To alleviate this situation, a 
device known as a fuel density compensator was developed. With this unit 
installed on the multifiel engine, the power output is the same regardless of 
the fuel or combination of fuels used. 

(2) Let's take a brief look at how the fuel density compensator 
works. The fuel enters through a pressure regulating valve. As the fuel 
passes the valve, it flows through a viscosity/density sensitive orifice. 
This orifice is nothing more than a pistun loosely fitted into a cylinder. 
The fuel acts on the spring-loaded piston which adjusts the high speed 
limiting stop on the governor through linkage. The greater the density of 
the fuel, the. greater effect on the high speed limiting stop. 



b. Intake manifold f lame heate 
the multifuel engine is the intake mani 
this heater i*5 to raise the temperature 
level for cold weather starting and war 
consists of a housing, spark plug, and 
powered by the flame heater ignition un 
manifold elbow . The nozzle sprays fuel 
nanifold elbow assembly. The fuel vapo 
burns in the intake manifold, thus heat 
engine combustion chambers. 



£. Another unit which is unique to 
fold flame heater. The reason for 
of the incoming air to the proper 
mup. The flame heater assembly 
spray nozzle. The spark plug is 
it* which is mounted on the intake 

under pressure into the intake 
r is ignited by the spa:*k plug and 
ing the air before it enters the 
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?UEL r«POSlTED ON WALLS OF THE SPHERICAL COMBUSTION 
CHAMBER INSTEAD OF SPRAYED INTO AIR SPACE. 

Figure 1*. start of injection. 

. c * 0*1 CQOtlng npssjes. Due to the various types of fuel this 
0 , £E.?4»!V P * r,t ? ° n ' itS • ffwtl ™ ope Ia tion depends upon proper S?s?on 
viduei «fi !"?? PatUrft ; 0001 th * piaton * *» -onve?ed through an indi- 

ii-JfJ 1 !^ and , di «*«ted t0 the in8l * e of ** Pi*ton skirts by aX oil 

S contrctfen bIT« 1 p?T-? U ! f ° r SaCh PiSt ° n * ° il now *° the'nozzles 

is controlled by a 15 PSI minimum pressure control valve. 

6. GAS TURBINE ENGINES. 

a. General. 

hi*.. ^^^V For Purpose of evaluating the adaptability of gas tur- 
S^^lSSSHJ!! 10 ^ T d fc ° de < te ™ ine advantages and disadvantages 
military venire" Y obtain « d a nunber of 8" turbines to test in 

fh. .k. n ^.^ ( ?L° n * f- th t Ba J° r advantages of the gas turbine as opposed to 

V . u , lnt ? rn ? 1 ) 0o f ustlon en * ine i» that its weight and bulk per unit 

ar £, P ? 13 l0 f er - A1S0 * this engine can 00 a range 

of hydrocarbon fuel and maintain high torque at stall soeeds. 

^, , The first of these units that was procured for testina in an 

c allv Veh 'ail^ aS ^ ? MT " 305 tUPbine engiae ' ?his S! cii- 

ho«iL«r 1? «Mn d B D2 a t re se .erative-type free turbine with a rating of 206 

o'r'o^q^raft^^me^spe^-f 0 " bl,Bt ° f P and 328 pound -feet 
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. b * Principles of operation. The engine principles described thus 

far in this subcourse pertain to reciprocating engines. Reciprocating 
motion, as has been mentioned earlier, is an up-and-down or back-and-forth 
motion. The conventional gasoline and diesel engines use this reciprocating 
motion of the piston to turn th*5 crankshaft. This principle you already 
understand. * 

, (1) 7116 P pinci P le of the turbine engine is somewhat different as 
the motion is rotary or circular; i.e., no up-and-down or back-and-forth 
T* * it rec *uire<«. In the reciprocating engine, the up-and-aown or back- 
u r noti0 " is changed to a rotary or circular motion through the crank- 

shaft. In the turbine, this circular motion is direct. Water and stream 
turbines have used this principle for a long time. The gas turbine is com- 
paratively new, but it is becoming increasingly important. 

, <2) 7 he gas turbine engine has no pistons or connecting rods, and 
I W 2 , r**" 1 ™ 6 for its operation. In this turbine, fuel is burned in a 
cnamoer into which air has been pumped by an air compressor. This burning 
fuel and air creates a high temperature and the greatly expanded gases rush 
through the turbine. The whirlwind of the hot gases rushing through the tur- 
bine produces power. This is similar to the wind turning a windmill. The 
turbine is a wheel with vanes or blades (fig 15) which are somewhat like the 
blades of ar, ordinary fan. The. push of the hot gases against these vanes 
causes the turbine wheel to turn and power is produced, which may be in the 
form of direct power from a shaft through reduction gears that are turned by 
the turbine wheel. (Figure 16 illustrates this type but the compressor and 
turbine details are omitted.) 




Figure 15* Turbine wheel. 

(3) The power may be in the form of compressed air produced by 
the compressor. (The compressor itself is powered by the turbine.) In this 
system some of the compressed air is necessary to support combustion, but the 
excess amounts may be used for power. 
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Figure 16. Schematic drawing of a gas-turbine engine. 

(*) Any gas turbine consists basically of an air compressor (or 
^^r? S i 0r !L )f fc m .? 0 " lMI8tl0n s * ction > and * turbine (or turbines). The engine 

«*n^SJ^}2 g ^? a i^? Sph 5 r if air impressing it. Fuel is burned in 
the compressed air (fig 17) and the gases expand through a turbine wheel to 
drive the compressor. In some turbines, the power obtained is entirely 
through the shaft turned by the turbine; in others, power is in the 'orm of 
+L 4 : , exces3iv « to the needs of the compressor is bled off. In the 
turbojet aircraft, the power is der*,ed from the ejection of the gases in Jeti 

*Sm Tv* P s turbin * for grourd use can be designed to burn almost any 
solid, liquid, or gas containing heat energy, provided the gases of combus- 
tion do not corrode or place deposits on the turbine parts. Gas turbine 
engines do not have the problem of fuel knock or ignition timing. The main 
difficulty with combustion in the gas turbine is keeping the temperatures of 
the gases which are delivered to the turbine down to a point that the turbine 
can to: e rate. 




SECOftOAffY AIR 



Figure 17. Gas turbine combustion chamber. 
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°» Tha gas turblnn e^"?- 



naoiin. ^IJIt^ 6 ? MT - 3 °5 turbine is cooled by air and can operate on 
gasoline, diesel fuel, or kerosene. This engine is 36 inches Ion* ^1 i„nh.. 
wide, and 26 inches high, and its dry -eight is about 65S Sounds 8 ' The 

SEISMS*? 1 S P ^ ifi ° fUel consuffl P tion full load is 0.57 SoJnd of fuel 
burned per brake horsepower per hours. 

h.«^ k„ (2) /" 9x P lanafc ion of the way in which the GMT-305 operates is 




Figure 18. Cutaway diagram of GMT-305 gas turbine, 
(a) No 1 - Atmospheric air enters the air inlet. 

to ah*™ ***** J b) N w 2 " T * e air 13 cora P p essed by the axial-flow compressor 
to aoo/e three atmospheres of pressure* 

. 4 < c) N °3- Rotating regenerators furnish heat to the com- 

pressed air as it passes through them* 

(d) Mo 4 - The heited, compressed air enters the combustors. 

. _ No 5 - Fue * is injected thro igh nozzles into the 

comDustors « 

. 4 ff) No 6 - Gases resulting from the combustion of the fuel 

and air pass through the turbine vanes* 

(g) No 7 - These gases first drive the "gasifier turbine," 
which powers the air compressor* ui^hc, 



OS 607, 3-P25 



ERLC 



83 



(h) No 81 - The gases then drive the power turbine {note that 
the gasifier turbine and the power turbine are not connected mechanically)* 



(i) Mo 9 - The hot gas exhausted from the power turbine is 
cooled by the rotating regenerators* 

(1) Mo 10 - Exhaust gas at 300° to 500° P is directed out of 
the c xhaust ports* 

(k) Mo 11 - The power output shaft is driven from the power 
turbine through a single-stage reduction gear* 

(1) Mo 12 - The accessory drive shaft is driven by the 
gasifier turbine through a set of reduction gears* 

(3) Essentially , the gas turbine operates on the Joule cycle* 
This is the principle in which atmospheric air is compressed adiabatically 
(occurring without gain or loss of heat; a change of properties, such as 
volume and pressure of the contents of an enclosure; without exchange of heat 
between the enclosure and its surroundings), the combustion process adds heat 
at constant gas pressure, and the gases are expanded adiabatically through 
the turbine blades* 

(a) The function of the regenerator is to recover neat from 
the turbine exhaust to improve efficiency* 

(b) The rotating regenerators of the GMT-305 engine reduce 
exhaust no'.se, so that no muffler is required, and they also cool the exhaust 
gas* 

(c) Heither radiator, fins, fans, nor plumbing is necessary 
for cooling the powerplant« 

(d) Because the power turbine is connected pneumatically and 
not mechanically to the gasifier turbine and the air compressor, the power 
turbine acts as a built-in torque converter and maximum torque occurs when 
the power turbine is stalled* 

(4) A GMT-305 gas turbine was installed in a modifier, 90mm, 
full -tracked, self-propelled gun M56 and tested during the winter months at 
the US Army Climatic Test Station, Fort Churchill, Canada* 

(a) During a total of 1,110 vehicle miles and 110 turbine 
hours, there were no major breakdowns, and 36 cold starting tests were suc- 
cessful* The formation of ice in the fuel lines was avoided by adding a pint 
of alcohol to each 20 gallons of fuel. 

(b) These tests disclosed that a GMT-305 turbine equipped 
military vehicle would require unusually durable brakes to withstand contin- 
uous operation at various conditions of speed and torque* 

1* This requirement is the result of inherent character- 
istics of the GMT-30? powerplant* Whereas the acceleration or deceleration 
of the vehicle is controlled by changing the speed of the power turbine, the 
accelerator of the vehicle that regulates the rate of fuel flow to the com- 
bustors also controls the speed of the gasifier turbine* 

2* Since the two turbines are only pneumatically con- 
nected, the speed of the output shaft of the power turbine i3 not regulated 
directly by the accelerator, and there is a conseQuent delay between movement 
of the accelerator and change in speed of the output shaft* 
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found necessary to AntS^S. %2"S ilSSJ^iirSS" 1 !' it 1 " M 
20,000 revolutions per minute for the best Lr?or2n« ™ * * n0 less tnan 

EXERCISE 

26 ' mu2?2'8ot? ^ 2 " Str ° ke " *- t «*-<vl. «—l engines, which 
*' ^• a avallabll i t y °f *r to the 4-stroke -cycle engine during intake is 

t' III V/rl 0 :^* P0Wer Stroke of the "-stroke-cycle engine is longer 
c The effective power stroke of the 2-stroke-cycle engine Is longer 

27 ' ^vnndL 1 « JeC H ed h d i reetl J lBt0 the °°n,bustion space at the top of the 
cylinder on which type of combustion chamber? 

a. Pracombustion 

b. Or en 

e. Turbulent 

28. To comply with Army requirements, what is the maximum weiaht of th- 

s^raa-y paokaga allowed in ^ s^oSf^i? 1 : 



e. 6 
be 10 
c. 12 

29 ' SSt'SfiiTbSSS WaS ellnlnated *«*»• the selection of a multifuel 

a* it was too difficult to maintain, 
b. of excessive raaintenance costs. 
Ce of poor fuel economy* 

Which is an accepted principle of internal combustion engines? 
a. 

engines 

combtstLnTrocess engin6S bUPn fUel -" curing the 

°' compression 0 r:t 0 i y os ln0rea3eS "^"^tely with increased 



30. 



e- Pa r!Li gniti0n 6ngineS a "" e m ° re effic * e nt than compression ignition 



31 



dlff.i, r°«* 10 f nslnes ope^ting on the hypercycle principle that 
differs from engines operating on other injection system principles? 



h' S! r U6 i 4 iS 3prayed int0 the °«nter of the compressed air 
?£ £5 i!/Sr: y !!. 0 l to .5 h f " alla ° f th * e<»bu.tion chamber 



c. The fuel and air are mixed before inject 

32. What is the function of the 5 percent of fue ;hat breaks awav fr™ fh» 
main charge during injection in the multifuel ngine? * 



a. To ignite the main charge 

b. To 3?eed up ignition lag 

c. To provide ignition advance 



0£ 607 , 3-P2~ 



9 

ERJ.C 



ltoat prevents the multifual engine from knocking when burning low cetane 
gasoline? 

a. The mechanical ignition lag of 8° 

b. The gradual burning of evaporated fuel 

c. The rapid induction of heated air 

34* The basic engine upon which the multifuel engine was developed is the 

a. 4-oycle gasoline. 

b. 2-cycle diesel. 

c. 4 -cycle diesel. 

35* Which phrase describes the shape of the top of the raultifuel piston? 

a. Two "eyebrow* valve reliefs 

b. The piston is flat topped 

c. The configuration is roughly spherical 

36. The swirl in the cylinders of the raultifuel engine is induced by the 

a. piston shape. 

b* shape of the intake port. 

c. supercharger. 

37. What is an advantage of the gas turbine engine over the standard internal 
combustion engine? 

a. It is more reliable 

b. It burns less fuel 

c. It can deliver high torque at stall speeds 

38. What heats the compressed air in the GMT -3 05 gas turbine engine? 

a. Manifold heater 

b. Regenerators 

c. Compressor 

39. The purpose of the fuel density compensators is to regulate the 

a. governor. 

b. power output of the engine. 

c. flow of fuel. 

40. Which is a function of the regenerators in the GMT-305 engine? 

a. To assist in compressing the intake air 

b. To cool the exhaust gases 

c. To drive the gasifier turbines 
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overstressed. ke aU-vUaf"™ n M ? 09 V lubricat *on of vehicles cannot be 
fuel, and water 0? th«e thrle Jhe ? °l n ° st , ?^"ary vehicles are oil, 
to a vehicle enginef However adeouL* ?uh^ °l) COUld * tn * "° 8t damaging 
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ail the lubricatinc witi. 1 Proper lubrication requires that 
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lubrication SbitJices L wh r in a ii 0n i ,« "2* ° f a PP l¥in « lubricants and 
mechanical part" Si'o* ^l a r capabl f of reducing friction between moving 

for obta a ni„1Trope^f«;cUo e n^ng ^,a ^t P L al a S St*S«?*J t0 U ' illZe tabrtSJi 
maintenance, un^ionmg, it is a most -ital type of preventive 

may appear t o^ft^unaSd^ Zl^lZ 'J!S "J**"' "° *>w smooth they 

fied. Friction ia ?£ SaiJun' t rSatil.^f" "5!? 5Ufflcient ly "snil 
contact. This resistant *~! h ♦ . !* «°tion between two bodies in 
retards or prevents vS^tSL , tne 3urfa °" of bodies in contact 

vehicle brak r r a re aSlieJ h / P ! lation ^ one another. When 

whion are atlfcheJ S^iJ^SRl^SiiS ^ SUPfaC9S 0r bl "^^rums, 

living 3urfac . and SL^ISKfc^ S^t^jS^^^ 
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and makes them move together as a unit. Friction absorbs power and generates 
neat in proportion to the amount of effort required to overcome it. For 
example, when a sled is drawn over dry pavement friction occurs between the 
runners and the ground, drag is apparent, and the sled runners will be warm, 
indicating that heat has been generated. 

c. Types of friction . 

(1) Friction of rest and friction of motio n. Before any body at 
rest can be moved, sufficient force must be applied to overcome its inertia 
and the friction between it and the surface with which it is in contact > 
This is static friction or friction of rest. After the body is once in 
motion, it can be kept in motion by expending sufficient energy to overcome 
the friction between it and the surface with which it is in contact. This is 
Kinetic friction or friction of motion. Static friction, which must be over- 
come in order to put any body in motion, is greater than the kinetic friction 
that must be overcome to keep the body in motion after it is started. 

(2) Sliding friction . Sliding friction results when the surface 
of one solid body is moved on the surface of another solid body. 

(3) Rolling friction . Rolling friction results when a curved 
body, such as a cylinder or sphere, rolls upon a flat or curved surface. In 
his early existence, man discovered that if rollers or wheels were used a 
considerable part of the foi*ce necessary to move objects against sliding 
friction was eliminated; thus rolling friction was utilized to save labor. 

(4) Fluid friction . Man also discovered, in his early existence, 
that the force required to overcome fluid friction was less than the force 
required to move the same body if either sliding or rolling friction had to 
be overcome. Fluid friction is the resistance to motion set up by the 
cohesive action between particj.es of a fluid and the adhesive action of those 
particles to the medium tending to move tfco fluid. For example, if a paddle 
is used to stir a fluid, the cohesive force between the molecules of the 
fluid will tend to hold the molecules together, and thus prevent motion of 
the fluid. At the same time, the adhesive force of the molecules of the 
fluid will cause the fluid to adhere or stick to the paddle and create 
friction between the paddle and the fluid. 

d. Cohesion and adhesion . 

(1) Definitions . Cohesion is the molecular attraction between 
like particles throughout a body, or the force that holds any substance or 
body together. Adhesion is the molecular attraction existing between sur- 
faces of bodies in contact, or the force which causes unlike materials to 
stick together. From the standpoint of lubrication, adhesion is the property 
of a lubricant that causes it to stick or adhere to the parts lubricated; 
cohesion is the property which holds a lubricant together and resists a 
breakdown of the lubricant under pressure. 

(2) Varying degrees . Cohesion end adhesion are possessed by 
different materials in widely varying degrees. In general, solid bodies are 
highly cohesive but only 3lightly adhesive. Fluids, on the other hand, are 
quite highly adhesive but only slightly cohesive. Generally, a material 
having one of these properties to a high degree will possess the other 
property to a relatively low degree. The adhesive property of fluids varies 
greatly. If mercury, which is highly cohesive and slightly adhesive, is 
poured over a sloping iron pl*te, It will run off in drops without adhering 
to the plate. Water, which has relatively low cohesive and adhesive proper- 
ties, will not spread out over or aahere to the plate to any great extent and 
will run off rapidly. Oil, which has higher cohesive and adhesive properties 
than water, will adhere to the plate, spread out over it to a considerable 
extent, and will run off slowly. 
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of oew«r PonilLr^u" alway ? °ons^es power and producea heat. The amount 

► ? 4 d w * neat prodl >ed 781,168 «lth the conditions under which 
XI Lh h 0 ! L S oa P nt d or e l u 0 rr° C fl C r 9 - T ° °" rC0B " Slidln «' frlltS "oSuSS. 

^power*an a %^ ~ *• CS ^ount 

t-h* fu« -., *-! 2) Any f J uid » 1 *« n Placed between two surfaces, tends to IceeD 
Sli^rioMon 63 Sh P ! Pt / nd t0 Change any 3liding fiction b^ween them Into 
S^ d . r e PiC ,. i i ; n to Je en iu D ricaTea. SUrfa ° eS ^ » 3U ° h * ™ d «£. 

two surfaces ( il -vern^L^ Wh i° h . lubrioat i° n reduces the friction between 
„™ h su : IM ' s 13 governed by two factors: first, the selection of the fluid 
£i??«n?f he ^'tfoPortion of cohesive and adhesive properties for the 

th« lr!.;.r ?hi - lubrication, the layer of fluid must be kept intact; and 
the greater the pressure, the more difficult this becomes. ' 

f • Lamnnulr theory of lubrieat^pn . 

h-.*- *„a f fc i3 , a «reed generally that the Ungmuir theory offers the 

S?L ( w? Mt explanation concerning the possible behavior of a "bri ! 
^n??.^ 1 ^ 1 ";, A coordin « t0 thJs th eory, a film of oil capable of main - 
Uyera'o? o^Uiecule^iT l!!" ^ ^ U S ' 




JAjACtNe OIL AS BEING COMPOSED 
OF TINY CLOBULES ANO THAT A 
FILM OF OIL 1$ FORMED 8Y LAYERS 
Of THESE TINY GLOBULES THAT WILL 
$LtO€ ON EACH OTHER 




Undw condittom ol 'uil fluid Mm iub"cafton 
tn« kiytn of $*obol« otxt to rhe wrfocw odherv 
io rhm surfoctt. wht « rhe mtermedtot* gtofculm 
split up <nto loyett ortd slide or> eoch other 

Figure U Theory of an oil film, 

the oil film ( «i 0 f?^ SlS f^aces separated by an oil film are set in motion, 
oil ri lm splits up" into layers of these molecules. One laver *iirf M 

layers closest 2 in 30 3ets the next ] [.JiTL, ^Uon . 

fh- i 3) 7116 Lan Sinuir theory also offers an excellent explanation of 

X'2 * ° f 1 1 1 ubricatio ? that ™ay appear between two surftces if 

motion. Engineers usually recognize three degrees of lubrication. The 

E2t£Ew 1 i U ^ r h t ? d S item *' figure 3 ' Mh « pe ther * 13 m"al contao? and 

?J 7 « ^"rication present, usually is considered to be "insufficient 

SE£!m2?. V rf ry ^ hi " fil ? ° f iuoricant usually is considered "oartial 
lubrication" (8, fig 3 ) , sometimes it is called -boundary lubrication » 
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although many bearings operate satisfactorily in this region under certain 
conditions. "Sufficient lubrication* (C, fig 3) t or "full fluid film lubri- 
cation," denotes that enough oil is present to establish and maintain a full 
fluid film between the two moving surfaces. These three degrees of lubrica- 
tion can be likened to the layers of molecules present; for example, a full 
fluid film can be visualized as five or more layers, a partial film as three 
layers, and the insufficient film as less than three layers. 




LUBRICANT 



Figure 2. Action of an oil film between two moving surfaces. 

g. Oil film and wedge theory . The oil film and wedge theory affects 
the action of an oil film between a shaft and its tearing. According to this 
theory, oil molecules adhering to the surface of a rotating shaft are carried 
along by the motion of the shaft. These molecules drag along the adjacent 
layer of molecules by the force of cohesion. At the same time the weight of 
the load on the shaft forces the shaft down into the oil film near the bottom 
of the bearing. This pressure action narrows the clearance at the lowor side 
of the bearing, causing some of the layers of molecules to be "squeezed" or 
"wedged" into this space. This wedging action lifts the shaft from the bear- 
ing and thus establishes the full fluid lubricating film (fig 4). The 
wedging action of the oil film in a bearing creates high- and low-pressure 
areas, the oil supply being introduced at the low-pressure area (fig 5). The 
positions of the low- and high-pressure areas vary somewhat with the speed of 
rotation . 

h. Viscosity . The degree of cohesion between the molecules of an 
oil determines its grade or viscosity. The molecules of the more viscous or 
heavy oils are bound together more firmly than the molecules of the less 
viscous lighter oils. The behavior of oils of different viscosities in a 
simple shaft and bearing can be illustrated by the following: too heavy an 
oil may be visualized as an oil in which the molecules are so large that they 
cannot wedge themselves between the rotating journal and bearing surface. 

Too light an oil may be visualized as *n oil in which the molecules are 
either so small that they cannot individually sustain the loads Imposed on 
them, or the force of cohesion between the molecules is not strong enough to 
hold them together in great enough masses to collectively support the load. 
The correct oil is that oil which is made up of molecules of the right size 
and cohesiveness to prevent the shaft, in its rotary motion, from breaking 
through the molecular layers of tti oil film (fig 6). 
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PISTON ft INC 

* ™ , 2? FACCS ,N CONTACT 
LITTLE OA NO LUBRICATION KTWEEN THEM 

A. INSUFFICIENT LUBRICATION 




SURFACES NO LONGER IN CONTACT 
THIN OIL FILM LUBRICATION 

B. PARTIAL LUBRICATION 





C. SUFFICIENT LUBRICATION 



Figure 3. Insufficient, partial, and sufficient lubrication. 
- . . . 1 * Fundamental factors influencin g the selection of the proper ai» ari« 

S^?f J5* P p? P# C T^ 1 ' ° f iubpi0 * nfe f ««* »y bearing operated under normal 
22Si5 l0 Sf: f lrSt * th ! pubbiB « »P«d (generally in linear feet per minute) ; 
second, the clearance between bearing surfaces; and third, the load in terms 
of pressure 'per unit of bearing area (generally pounds per square inch). 

Sondlt?^ S::!,r y inn , un, r able v * riation » * combinations of Sis. three 

ri • • depend i n « u P° n Motors of outside origin; for instance, high or 
low temperatures from outside the bearing, heat generated within the bearing, 
presence of moisture or abrasive dust, presence of contaminating subsSncea*' 
grade oflub ioa t ° 0ndltions are ***** into consideration in selecting the 
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HOT ATI NC MOTION 

Figure 4, Oil film and wedge theory. 




hi«m mssunt auca m«H mssunc mca hi«h mcssuw auca 



MATT AT BUI SHATT fOBim TO WOTATt SMATT AT yuU. SWEEP 

Figure 5. Speed of rotation determines the high- and low-pressure areas. 
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Figure 6. Effect of viscosity. 

tD Rubbing speed. The properties of a lubricant must be such 
that it will stick to the bearing surfaces and support the load at operating 
speeds. More adhesiveness is required to make the lubricant adhere to bear- 
ing surfacos at high rubbing speeds than at low speeds. At low rubbing 
speeds less adhesion is required, but, due to the decrease in wedging action, 
greater cohesion is necessary to prevent the lubricating film from being 
squeezed out from between the bearing surfaces. 

(2) Clearance between bearing surface^. Other conditions being 
the same, greater clearance between bearing surfaces requires higher 
viscosity and eohesiveness in the lubricant to insure maintenance of the 
lubricating film. The greater the clearance the greater must be the 
resistance of the lubricant against being pounded out with the resultant 
destruction of the lubricating film. 

(3) Bearing load. Other conditions being the same, a greater 
unit load on a bearing requires a higher lubricant viscosity if the lubricant 
film is to be maintained. The cohesion must be sufficient to prevent a 
breakdown of the lubricating film. A lubricant which initially is too 
viscous (cohesive) for a given condition of load and speed will absorb more 
power, convert the power to heat, and automatically reduce its own viscosity 
to a lower value. Such reduction is at the expense of higher operating 
temperature and shorter lubricant life. 

J- Additional functions of lubricants. In addition to reducing 
friction, a lubricant usually has one or several of the following functions; 
to cool machine parts by conduction of generated heat, to remove contami- 
nants, to prevent rust, to absorb or reject air or water, to resist the 
actions of solvents, to prevent corrosion or solution of certain sensitive 
metals, to transmit power by hydraulic means, and to prevent scuffing or 
welding of rubbing surfaces during momentary failure of the lubricant supply. 
In many cases, lubricants are used solely for their abilities to prevent 
rust, to transmit power hydraulically , etc. 
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3* PRINCIPLES OF ENGINE LUBRICATION. 

a. &i£2£2£. 

(1) Engine lubricating oils have four functions: to prevent 
metal-to-metal contact in moving parts, to assist in carrying heat away from 
the engine, to clean the engine parts as they are lubricated, and to form a 
seal between the piston rings and cylinder walls to prevent blowby of the 
combustion gases. 

(2) The primary function of engine lubrication is *to reduce the 
friction between moving parts. Oils are used to reduce friction, not only 
because friction uses up power that would otherwise be available to drive the 
vehicle, but also because friction is destructive and creates heat that can 
cause moving parts to disintegrate. The greater the friction present between 
moving parts, the greater the energy required to overcome that friction* 
This increase in energy merely adds to the heat generated. Moving pares that 
have been deprived of oil will meit, fuse, or seize after a very short period 
of engine operation. It is lubrication that makes possible the use of plain 
bearings or bushings in a modern engine. Cylinders and pistons must be 
effectively lubricated to prevent burning or seizure. Friction is severe at 
certain points, particularly along the surfaces of the piston rings where 
they contact the cylinder walls. Although the crankshaft, connecting rods, 
piston pin bearings, main bearings, connecting rod bearings, and piston rings 
are the most important engine lubrication points, there are also many other 
parts which must have an adequate supply of oil. Valve stems operate under 
stress and wide ranges of temperatures for long periods of time. Valve 
tappets and guides must be lubricated, and some gears must be constantly 
bathed in oil . 

(3) The oil is heated through contact with pistons and cylinder 
walls, after which it drops into the oil pan. The, flow of air past the oil 
pan helps to cool the oil. In some instances where the oil pan is not 
exposed to a flow of air, it is necessary to add an oil cooling unit* 

b . Characteristics of engine oils . 

(1) Lubricating oils are designated according to certain charac- 
teristics they possess and according to their reaction to certain tests. 
Oils ordinarily are classified according to their viscosity. 

(2) The viscosity of oil refers to its resistance to flow* When 
oil is hot, it will flow more rapidly than when it is cold. In cold weather, 
therefore, oil snould be thin (low in viscosity) to permit easy flow; in hot 
weather the conditions should be reversed. The temperature in which the 
vehicles are to operate determines whether an oil of low or high viscosity 
should be used. If, for example, a very thin oil was used for hot weather 

» operation the oil would literally burn up, consumption would be excessively 
high, and the lubricating cushion between the moving Darts would be too thin 
to provide adequate protection. Conversely, in cold weather a heavy oil 
would not provide adequate lubrication, since the oil flow would be so slug- 
gish that some parts would receive little or no lubrication. 

(3) Oils are graded according to their viscosity by a series of 
Society of Automotive Engineers (SAE) numbers. The Army has standardized its 
engine oils into three grades: SAE 10, SAE 30, and SAE 50. The higher th* 
SAE number the heavier the oil. This method of designating oils has no con- 
nection with the quality of the oil* 

(4) Oil does not wear out, but it does bejome contaminated and 
diluted* Water, one of the products of combustion, will seec by the oiston 
rings in the form of steam (especially in cold weather) and will condense in 
the crankcase. This water emulsifies the oil, and, with any dirt or foreign 
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matter present, forms a sludge that clogs up the oil lines and lubricating 
passages. Contamination of engine oil is minimized by controlling engine 
temperatures, by an air cleaner on the carburetor, by oil filters, and by 
controlled crankcase ventilation. ' 

m i k a A 5) *•? l« brloatln 8 oil becomes diluted with gasoline, some of 
the lubricating qualities are lost. Excessive use of the choke causes an 

ZZlnl if f ?E S *l f° rCe 5 i nt ? 016 ^^nders. This excess gasoUne 
remains in a liquid state and drains into the crankcase, where it mixes with 
™iiJ*,. 6 fc en « lne operate at higher temperatures, this condition is 

corrected because the excess gasoline vaporizes in the crankcase and is 
carried off through the crankcase breather pipe. 

«». TYPES AKD COMPONENTS OF ENGINE LUBRICATING SYSTEMS, 
a. Types . 

- . < 1 > SsOSEal.. All important -parts of an engine are lubricated 
(Tig 7 and 8) by oil carried in the crankcase. The fact that oil is always 
present in the crankcase explains why the lubricating system used in most 
i?^:?* englnes 13 known 43 a "«et sump system." The "dry sump" is common to 
radial engines and is sometimes found in the opposed engine." The oil in the 
«7i„ n « *?K I circulated under pressure (force-feed) or splashed mechani- 
cally on the surfaces to be lubricated. The different methods of circulating 
the oil are splash, combination splash and force-feed, and full force-feed. 
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Figure 



Lubrication system in in-line and V-type engines. 
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Figure 8. Lubrication system of in-line and V-type engines. 

(2) Splash svstflm. The splash system is the simplest method of 
distributing oil to the bearings, but it is no longer used because the lubri- 
cating effect is too uncertain to meet the requirements of modern and varied 
operating conditions. In the splash system, dippers on the connecting rods 
enter the oil in the crankcase with each crankshaft revolution, thus splash- 
ing the oil t The oil, thrown upward, finds its way to the various moving 
parts in the engine to provide lubrication* As stated above, this system is 
too uncertain since a full crankcase means heavy lubrication, while a partly 
filled crankcase may result in inadequate lubrication. In many engines of 
today, however, a modified splash system is used that provides a uniform 
splashing effect, even though there may be variations in the amount of oil in 
the crankcase. It does this by utilizing a pump that delivers oil to troughs 
under the dippers on the connecting rods, thus maintaining a constant level 
of oil into which the dippers enter. 
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Figure 9. Combination splash and force-feed lubrication system. 
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it passes to the connecting rod bearing. This oil not only feeds out on the 
piston pin bearing to provide lubrication for it, but it also helps to lubri- 
cate the piston and cylinder walls. 



%i .V* <: 



Figure 10. Force-feed lubriea- Figure 11. Full force-feed 

tion system. lubrication system. 

b. Components. 

(1) Oil oin 03. 

(a) General . The gear pump, the vane pump, the plunger, and 
the rotor pump are four general types of pumps in common use on automotive 
materiel. The oil pump of an engine generally is located in the lower part 
of the crankcase where it is constantly submerged in oil and primed, ready to 
start pumping on the first turn of the engine. When used on a dry sump 
engine to transfer oil from the sump to the oil reservoir, the pumps are 
required to maintain only sufficient pressure to overcome the friction in the 
pipe conducting the oil back to ihe reservoir. When used for pressure lubri- 
cation, pumps are usually of such capacity that they will maintain oil pres- 
sure of from 15 to 80 pounds per square inch on the bearings and circulate 
the entire crankcase capacity from 5 to 10 times minute under nomal 
operating conditions. Pumps are built either with a bypass or pressure 
relief valve (fig 12 and 13) t or one is provided in the oil line. This 
construction not only prevents exr*«ive pressures in the lubrication system, 
but also allows the pump to be bui-i with sufficient over-capacity to main- 
tain proper oil pressure even though the bearings or the pump may become 
considerably worn. 

(b) Gear pun p . The gear pump, which is most frequently used 
for engine lubrication, consist?) of two meshed gears housed in the pump body, 
one gear driving the other. As the gears revolve and a tooth moves out of a 
space on the inlet side of the pump, oil enters this space and is carried 
around to the outlet side of the pump. Here a tooth again enters the tooth 
space, displacing the oil and forcing it out of the pump outlet. The 
capacity of 4Uch a pump is determined by the size of the gears, the fit of 
the gears in the body of the pump, and the speed of rotation of the gears. 

If the gears do not meh with each other or fit the body of the pump closely, 
the oil will leak past the -ears back to the inlet side of the pump and the 
pressure and capacity will lost. If a gear pump is disassembled com- 
pletely or drained, it ma^- 3 necessary to prime the pump before again 
putting it into operation, particularly if the pump is located above the 
level of the oil in the reservoir* 
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Figure 12. Various types of -oil pumps. 

. Vane pumps. This pump (fig 12) consists of a cylindrical 

impeller that is set "off center" so that it almost touches one side of the 
pump housing. The impeller is not eccentric, but the vanes which are set 
into it have eccentric motion. As the impeller turns, the vanes are forced 
outward- by springs whi<sh hold them in cantact with the pump body at all 
times. Oil drawn in after one of the vanes passes the inlet is trapped by 
the following vane. As the vane is rotated to the opposite side of the pump, 
the space between the impeller and the pump body becomes smaller. This 
pushes the vane into the rotor against spring pressure and forces the trapped 
oil out through the outlet. While one space is emptying, the other is 
filing. 

(d) Plunder pumps. This type (fig 12) is generally a cam- 
drxven, single-cylinder pump and is operated by the camshaft. The plunger or 
piston is held against the cam by a spring. The plunger is pushed into the 
cylinder on its pressure stroke by the rise of the cam, and it is returned to 
the section stroke by the spring that causes the plunger to follow the drop 
of the cam. Spring-loaded check valves are used to control the flow of oil. 
The plunger-type pump is used mostly in splash lubrication systems where it 
acts as an oil circulator by pumping oil from the oil pan to the oil *-oughs. 

(e) Rotor pump. This pump (fig 14) makes use of an inner 
rotor with lobes that match similarly shaped depressions in the outer rotor* 
The inner rotor is off center from the outer rotor. The inner rotor is 
driven and, as it rotates, it carries the outer rotor around with it. The 
outer rotor floats freely in the pump body. As the two rotors turn, the 
openings between them are filled with oil. This oil is then forced out from 
between the rotors as the inner lobes enter the openings in the outer lobes. 
The action is much like that in the gear-type pump. As the oil is forced 
out, it is forced through the oil lines to the various engine parts requiring 
lubrication. 



OS 607, 4-P13 



1 05 



Figure 13. Gear-type oil pump FlgUPe U ' Inner ana outer rot ors 

K * of a rotor pump. 
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Figure 15. Oil filter. 



Figure 16. Oil filter— exploded view. 
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VAPOA OUMtCASf 

Figure 17. Crankcase breather tuoe. 



(c) Positive method, in the positive method (fig 18) , air is 
drawn through the engine by the intake manifold vacuum; that is, the intake 
manifold vacuum draws air through the crankcase so that vapors are swept out 
of the crankcase. The air may follow either of two paths* In one path, air 
is drawn directly into the crankcase through a filter or crankcase breather 
similar to a carburetor air cleaner. After circulating through the crankcase 
and picking up vapors, the air is forced upward and out of the engine through 
an opening in the valve cover. It is then drawn through a tube connected to 
the intake manifold. In the second path, air enters through a filter in the 
crankcase breather, which is mounted on top of the valve cover. This 
breather also serves as a filler point for adding oil to the engine. In 
operation, air is taken through the shutoff valve, which is open when the 
ventilating system is operating, through the filter, and into the valve 
compartment. From there it passes down into the crankcase and is withdrawn 
from the crankcase through a tube connected between the crankcase and the 
intake manifold. This second arrangement is in general use in waterproofed 
vehicles. The breather shutoff valve is operated by a control knob in the 
driver s compartment and is to be used only when the vehicle is fording. 
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Figure 18, Positive crankcase ventilation. 

rjLt'Tr!L £^^"^^ -S - spa's ass--? 

KM K%STi« ffiWs?,!: 5JS3- 



operations. 

5. MILITARY LUBRICANTS AND LUBRICATION 
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b. Intervals for oil change. Normally, the interval for oil changes 
is every 1,000 miles or semiannually for air-cooled engines. Liquid-cooled 
engines require oil changes every 12,000 miles or annually* These intervals 
are for normal operation. Tt.a time is reduced under extremely adverse 
conditions, such as dusty air, high or low temperatures, prolonged periods of 
high-speed operation, imm-rsion in water, or exposure to moisture. Any of 
these conditions may cause contamination and quickly destroy the protective 
quality of lubricants. Intervals may be extended during inactive periods 
commensurate with adequate preservation. In all cases, oil levels must be 
kept at a normal level by checking the oil each day of operation. When 0ES 
oil or diluted oils are used for extreme cold weather operations, the level 
must be checked more frequently as oil consumption is likely to be high. 
Even though the oil level is correct, adequate lubrication is not assured 
unless the oil is circulating. Observe the oil pressure gage and do not 
operate an engine unless the correct pressure is noted. 

c. Change of oil filters. In liquid-cooled military engires, the 
filter is changed with each oil change. The inside of the filter case should 
always be cleaned prior to installation of the new filter. However, the 
filter drain plug should be removed and the sediment drained at 1,000-mile 
intervals. Military air-cooled engine oil filters must be removed and 
cleaned at 750-mile intervals or quarterly. They are of the permanent type 
and are replaced only when damaged or otherwise unserviceable. In all 
instances consult the appropriate technical manual and lubrication order for 
lubrication system servicing procedures for a specific vehicle. 

. Lubrication orders (LP's). 

( 1 ) Lubrication orders are illustrated, waterproofed, numbered, 
and dated cards or decalcomania labels that prescribe approved organizational 
maintenance lubrication instructions for mechanical equipment issued by the 
support services. They are to be carried with or attached to the equipment 
to which they pertain. The instructions they set forth are mandatory. Unit 
commanders are responsible for obtaining, installing, and complying with all 
current lubrication orders that apply to the equipment within their command. 

(2) Lubrication orders bear the basic number and subnumber of the 
technical manual (TM) or technical bulletin (TB) that best covers the preven- 
tive maintenance of the equipment. When a TM or TB does not exist, is not 
complete, or when the existing technical manual was prepared by another 
technical service, the LO will bear a basic number identifying the type of 
equipment; this is followed by the letter U and a serial number. Lubrication 
orders are indexed in DA Pam 310-4. Consult this pamphlet to determine the 
current lubrication ordors. 

6. EFFECTS OF WEATHER ON LUBRICATING SYSTEMS. 

a. General . Military vehicles may be used in almost any area on the 
face of the globe. They are designed and manufactured for certain average 
conditions; special maintenance operations are used to cover extreme condi- 
tions. Aside from vehicle casualties in combat and wear, maintenance 
problems arise chiefly from the type of service (driver control, engine 
speeds, and engine loads) and the operating conditions (climate, atmospheric 
contamination, and terrain). 

b > Preventive maintenance . Preventive maintenance ( PM ) procedures 
are prescribed in order to secure continuous efficient engine operations and 
to prolong periods between rebuilds. In some areas, conditions such as 
relatively high or low temperatures, high humidity, dusty air, steep grades, 
etc , cause engine malfunctions and harmful crankcase contamination. The 
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maintenance of proper engine adjustments; the regular cleaning and servicing 
of air cleaners, ventilation systems, cooling systems, oil filters, etc; and 
the following of prescribed engine oil draining procedures are important 
elements in dependable engine service. 

°- Importance of luhrinah^^. Lubrication is the most important 
factor in engine operation. Operating factors that cause lubricant deteri- 
oration and contamination may be divided into five general classifications: 
high engine temperatures, low engine temperatures, contamination by dust from 
the atmosphere, contamination by water from cooling system leaks or from 

n n h. a ! i0 ". an ? contamination byproducts of improper fuel combustion (soots 
and unburned fuel). These factors may develop from either the severity of 
the type of service (driver control, speed, and loads) or the inadequacy of 
preventive maintenance measures taken. Adequate preventive measures will 
compensate for the harmful effects of adverse conditions (weather and ter- 
rain / • 

d - Atmospheric temperature. Recorded world atmospheric tempera- 
tures vary from a low of -90° F to a high of +136° F. Within the limits of 
the continental United States, there is a sufficiently wide variation in 
rainfall, relative humidity, terrain, dust, and freezing conditions to afford 
fairly direct comparisons with almost any area on the globe, with the excep- 
tion of the extremely cold arctic region. Experience obtained from military 
vehicle operation in the various areas throughout the continental United 
States can be related to almost any set of operating conditions which may be 
encountered in any area throughout the world. The influence of climate on 
engine operation may be considered under the following temperature ranges. 

< . * (1) Tem P erat ures below 0° F— severe cold, requiring special 
equipment for engine starting and operation. 

(2) Temperatures between 0° F and +32° F— winterization kits are 
not prescribed; however, certain precautionary and engine-warming steps are 
essential. 

(3) Temperatures between +32° F and +50° F— moderate cold, 
requiring precautionary and engine-warming steps for vehicles in intermittent 
service . 

(4) Temperatures between +50° ? and +85° F— ideal operating 
temperatures. K ° 

(5) Temperatures above +85° F— high temperature problems. 

e * Engine operation at high at mospheric temperatures . 

(1) Cooling system maintenance . As two-thirds or more of the 
available energy in a fuel consumed in an internal combustion engine is - 
unused and must be dissipated as heat, crankcase oil temperatures are 
dependent upon the proper function of the engine and the engine cooling 
system* Hence, wherever temperatures are high or loads ar- heavy, oil 
temperatures may become excessive if the engine functions poorly or 
improperly. For this reason, it is especially important that emphasis be 
placed on the maintenance of Uean, deposit-free, water jackets and radiator 
cores, as well as on the efficient operation of the fan, water pump, thermo- 
stat, oil cooler, and manifold heat control. 
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(2) Engine adjustments . An Improper adjustment of ignition or 
valve timing or improper carburetor fuel mixtures will cause excessive local 
temperatures in the upp»r cylinder area of the engine. The results of 
excessive temperatures in these areas frequently are piston ring sticking, 
varnish deposits on piston skirts and valve stems, piston scuffing, burned 
valves, breakdown of the lubricating oil to form deposits of carbon on the 
underside of the piston head, and general engine sludging. 

(3) Engine loads and speeds. Excessive speeds or engine lugging 
(operation in too high a gear) will rapidly increase oil and errgine tempera- 
tures. As higher engine speeds also place increased loads on bearings and 
other working surfaces, greater demands are placed upon the lubricant for 
adequate lubrication. The higher temperatures obtained will result in 
reduced load -carrying ability of the lubricant. Hence, excessive speed or 
engine lugging are particularly dangerous and should be avoided when 
atmospheric temperatures are high or loads are heavy. 

(*0 Lubricant deterioration . The most immediate result of heat 
is the temporary thinning of the oil. Continued exposure to high tempera- 
tures, however, will result in the evaporation of the more volatile fractions 
of the oil, thus leaving the oil more viscous in body. Also, in the presence 
of aii* and particularly rfhere the oil is in contact with metals, oxidation of 
the oil occurs. This results in the thickening of the lubricant and in the 
formation of sludges, lacquers, varnisnes, and other objectionable oil 
oxidation products. Oils meeting Specification USA 2-104 have been refined 
from stable base stocks and processed to retard oxidation and to prevent the 
deposition of decomposition products, fuel soots, and sludge in the oil 
passages, ring grooves, and engine parts. However, all petroleum oils will 
break down if the temperatures are extreme; consequently, it is important 
that engine adjustment and temperature control equipment be maintained 
properly and that proper oil drain procedures at specified intervals be 
followed. As the film of the lubricant becomes thinner, any abrasive 
material that may have entered the engine from the atmosphere, or from the 
engine itself, will ts more damaging due to the lack of sufficiently protec- 
tive layers of oil. 

f. Cold weather problems . 

General . When engine crankcase temperatures are low (below 
140° F), engine efficiency is very poor and wear and engine deterioration 
occur at a faster rate. Atmospheric temperatures below 0° F make these 
problems acute and require special provisions in the form of winterizatior* 
kits for the starting and operation of vehicles. Where operation of a 
vehicle is intermittent (frequent starts and stops),. the engine temperature 
will not be high enough when atmospheric temperatures are below +50° F, 
unless steps are taken to provide an adequate engine temperature. 

(2) Wear accelerated bv cold sluggish lubrication . A distinctive 
characteristic of all petroleum lubricating oils is that they become thick 
(heavier in viscosity) as their temperature is reduced; this means that oil 
will be pumped more slowly through oil passages and will penetrate less 
readily through small clearances. Sufficiently low temperatures are 
experienced in many parts of the world to cause oil to congeal. A cold 
sluggish lubricant places a heavy drag on the movement of engine working 
parts and this places a heavy load on the battery, the efficiency of which is 
very poor at low temperatures. The sluggish flow of the lubricant to bear- 
ings and cylinder region? means that lubrication must come from whatever 
lubricant has remained clinging to these parts until a further supply is 
furnished by the oil pumped through *he lubricating system. Consequently, 
lubricant films are apt to be Inadequate and actual metal -to-metal scuffing 
may occur during the starting of a cold engine. 
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(3) m%1T «*4?l9n ?lu<lfi99. For every gallon of gasoline burned 
in an engine, more than a gallon of water is formed which, at normal oper- 
ating temperatures, will pass off through the exhaust and the engine ventila- 
tion system in the form of vapor. However, when cylinder walls are cold, 
this water vapor will condense and run down past the pistons and rings to 
contaminate the crankcase lubricant and to form a black sludge* Crankcase 
oil pans may become loaded and oil screens plugged. Valves, valve chambers, 
and timing gear cases may become coated to the extent that the lubricant 
cannot reach the working parts. Water will absorb acid gases formed by 
combustion and cause corrosion and rust. 

(*) Engine oil filter^. Filters are connected in the oil system 
with a bypass. This construction continuously passes to the filter only a 
small percentage of the oil being pumped. Oil filters become more loaded or 
clogged from cold weather type sludges than from abrasives. For this reason, 
filters do not become loaded as quickly during warm, dusty operations as they 
do in cold, humid areas when cold weather type sludges arc more apt to occur. 
As the resistance to oil flow through the filter elements is increased by the 
oil becoming thicker at low temperatures, very little filtration occurs when 
engine oil temperatures are low. Consequently, the oil filter cannot be 
expected to help in keeping the oil clean unless engine operating tempera- 
tures permit appreciable oi* passage through the filter elements. 

(5) Combusti on, problems . Combustion of fuel in an internal 
combustion engine is similar to the burning of kerosene in a lamp or stove. 
If the mixture of fuel and air is too rich (too large a portion of fuel to 
air), some of the fuel will be burned only partially to form soot such as may 
be formed on a lamp chimney or on the bottom of a pan. If the fuel is not 
vaporized properly, some of it will not burn at all but will drip off the 
burner. Unburned fuel is the source of fuel dilution of oil in the crankcase 
of an engine. Where engine temperatures are inadequate, it is difficult to 
get proper atoaization of the fuel and, consequently, choking the carburetor 
for a richer laixture is necessary. This results in abnormal amounts of soot 
being formed and increases carbon deposits on piston heads and permits blowby 
of soot into the ring area and down into the crankcase lubricant. Fuel 
striking the cold cylinder walls condenses and washes down past the rings, 
carrying the cylinder wall lubricant with it, contaminating and thinning the 
crankcase lubricant. 

(6) Preventi on of sludge . In order to reduce cold weather sludge 
and resulting engine wear in automotive engines, it is absolutely essential 
that the cooling system temperature be raised to a minimum of +140° F as soon 
as possible after starting and, so far as practicable, be maintained at 
♦160° F to +180° F at all times while the engine is operating. The action 
prescribed below is applicable for all atmospheric operating temperatures 
below ♦32° F, as well as for more moderate temperatures if difficulty is 
experienced in raising cooling systems to + 140° F and maintaining such 
temperatures at +160° F while the engine is operating. 

(a) Inspect an 1 test the cooling system thermostats to insure 
that the valves open and close at specified temperatures. These can be 
checked by removing ^nd immersing elements in water heated to the specified 
temperatures. 

(b) Cover hood louvers with heavy cardboard or other suitable 
material. This is done best from the inside of the hood. 

(c) Cover radiator cores wholly or partially in accordance 
with atmospheric temperatures. The amount of the radiator core that must be 
covered in order to obtain the temperatures referred to in paragraph (6) 
above will vary with different vehicles and will have to be determined by 
trial. For temperatures of +32° F to 0° F, the lower half of the core may 
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need to be covered unless operation at high speed or under severe load is 
expected. For operations between +32° F and 4-50° F where operation is 
intermittent (frequent stops and starts, excessive idling, or infrequency of 
use), covering the lower quarter of the core may be necessary. The radiator 
core covering applied for intermittent operation protection should be removed 
whenever high-speed or heavy-load operation is anticipated. 

. . . < d > Check and tighten cylinder head studs with a torque 

indicating wrench, as prescribed in applicable technical manuals, to prevent 
liquid from leaking past the gaskets. p 

< e ) Many engines cannot be warmed up by idling. Therefore, 
the practice of running engines for prolonged periods at idling speeds to 
warm them is of little value. Start engines with the clutch disengaged 
and maintain engine speed at a fast idle until the engine is firing evenly on 
a iL Cy i lr l d ? rS and runnin « anoothly. As soon as the engine will accept a load 
without faltering and the oil pressure has reached its normal operating 
range, the vehicle will be operated by the use of low gear ratios and low 
speeds. At no time (except in emergency conditions) "will the engine be 
operated at high speeds or under heavy load until the dash thermometer 
indicates that the engine has reached the normal operating temperature. 

(f) The practice of running engines solely to charge bat- 
teries is prohibited. 

(g) Each crankcase oil change will be scheduled so as to be 
performed immediately after engine operation and while the engine is still 
hot. Care will be taken to drain the oil completely. 

(h) Oil filter cases will be drained at reduced intervals 
when equipped with drain cocks (or plugs) to remove sediment. It nay be 
necessary to drain filters daily under unusually severe conditions. 

(i) When it is known that an engine is badly sludged, the 
crankcase pan will be dropped and sludge removed from the pan, valve 
mechanism, and exposed parts. At the same time, clean the oil pump screen 
thoroughly. 

(j) When an engine has been operated for an extended period 
under conditions where cold engine sludge accumulations are being experienced 
and a change to high speeds or heavy loads is anticipated, it is advisable to 
flush with an engine conditioning oil to reduce sludge accumulation before 
the vehicle is placed in severe service where warm engine temperatures are 
expected. The following procedures will be used in flushing: 

A* Fill the crankcase with an engine conditioning oil to 
half capacity for engines with pressure circulation systems or to the full 
mark for engines with splash systems. 

g. Hun the engine at fast idle for one-half hour with 
the radiator blanketed in order to assist in warming the oil. 

2. Maintain the cooling system between +180° F and 
♦200° F, watching the water temperature and oil pressure gages continuously* 

i n rain the crankcase, replace filter elements, and 
refill with proper oil. 

Nfite. - Such flushing will no f -revent further sludge accumulation, but will 
reduce the hazard of screen clogging and lubrication failure from 
sludge that may be dislodged and put in circulation by warm oil. 
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£ • Accelerated wear from dyat , 

(1) Du£t. Wear from dust will depend upon the character of the 
dust particles as well as the quantity of dust in the air. Military vehicle 
2m2J ti0 " in ^ udes l 3reat deal of travel over open fields in dusty areas, 
which makes the problem of control of wear from abrasives a very important 
one. Abrasives from dusty air enter the engine through several channels: 
the air intake system, engine breathers, through contamination of the 

fS™ Jlni?L 8 «Tff ' 0P pr0Ce " of adding oil to the crankcase 

rrom contaminated filling receptacles. 

. t . »2) Effect of thinned lubricant. Wear from abrasive particles is 

Ititli Tlrrl-t "TL fc u e lu < bricar,t filra becomes thin, either through the 
thinning effect of high engine temperatures or through fuel dilution. 

rtinfv n ~ fKpL^f ? *f aner maintenance. If air cleaner elements become 

J * ! P !, 0i i level ln the * lement becomes low, dust particles will be 
sucked directly into the combustion chamber. Large accumulations of dirt in 
the air cleaner elements will lower filtering efficiency, and will also 
reduce the air supply for combustion with a resulting loss of engine power 

tllnl ! " u In^r"?"?" ° P d 5 t »r*<»-»tion of the flexible airhose Sec- 
tions between the air cleaner and the carburetor will provide a direct 

n5t?Hn h£5, ??? * nt \ the °o™bustion chamber. Dirt accumulation on the 
piston heads will accelerate carbon deposits and reduce heat transfer. 
Products of abrasion, metal particles, and pulverized dirt will be washed 
down into the crankcase to further circulate and result in abrasion of 
bearings and journals and the clogging of oil passages. Dust entering the 
2J"!!E«lt™ «? U ?L the ,f lr lr - du ? 1 tl0 «» or breather system causes initial damage 
nLJStE h2 ?L °y linder v'alls pistons, and piston rings. That which is 
absorbed by the crankcase oil is circulated to the other bearing surfaces. 

„ „. , (M) P^ty oU-handling receptacle. Loose or unserviced breather 

L if S?r?v°f,n? " 8 oil fill e- pipe caps or bayonet-gage sticks, or the 
use of dirty filling receptacles are responsible for a high percentage of 
engine damage in d-sty or sandy areas. Sand or dirt entering the crankcase 
ih r °?™ hannel » "4 1 be composed of both large and small particles. 

The large particles will be removed by the oil pump strainers and probably do 
no appreciable damage. The fine particles, however, circulate through the 
lubrication system and are a serious threat to bearings and other working 
surfaces. While the large sand particles found in the crankcase oil pan do 
not themselves directly indicate engine abrasion, they are evidence that fine 
particles probably have been circulating and causing serious wear. Do not 
expect the oil filters to offer complete protection from abrasives for the 
engine, as most filters operate on a bypass system and only part of the oil 
passes through the filter on each circulation, the balance going directly 
through the engine lubricating system to bearings, cylinder walls, etc. 

EXERCISE 

11. Which type of friction consumes the greatest amount of power and produces 
the greatest amount of heat? 

a. Rolling 

b. Fluid 

c. Sliding 

42 . What effect does the oil film and wedge theory pertain to? 

a. The separation of oil between two sliding surfaces 

b. The degree to which an oil film splits up into molecules 

c. The action of an oil film between a rotating shaft and its bearing 
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• The THREE fundamental factors which influence the selection of the proper 
grade of lubricant for any normal bearing are the rubbing speed, the 
clearance between bearing surfaces, and the 



a. load on the shaft. 

b. temperatures to be encountered. 

c. size of the rotating shaft. 

What is the primary function of engine lubrication? 

a. To dissipate heat 

b. To reduce friction 

c. To clean the engine 

45. What is subjected to the MOST severe friction in an internal combustion 
engine? 

a. The piston rings 

b. The valve stems 

c The camshaft lobes 

46. To which type engine is the "dry sump" system most common? 

a. In-line 

b. V-type 

c. Radial 

47. Which engine lubricating system is too uncertain to meet the requirements 
of present-day engines? 

a. Force-feed 

b. Splash 

c. Full force-feed 

48. Which lubrication system pumps oil through a passage drilled in the 
connecting rods? 

a. Full force -feed 

b. Splash 

c. Force -feed 

49. Which type oil pump consists of a cylindrical impeller set off center in 
a pump housing? 



50. What removes s^^am and vapor from the crankcase of an engine equipped 
with the breather tube ventilator? * 

a. Low pressure of the intake manifold 

b. Vacuum created by the airstream under the vehicle 

c. High pressure of the exhaust manifold 

51. What type publication contains an index of lubrication orders? 

a. Army regulation 

b. DA pamphlet 

c. Technical bulletin 



c. 



a. 
b. 



Rotor 

Gear 

Vane 




OS 607 , 4-P2M 



a. High humidity 

b. Low humidity 

c. High temperature 

Under what condition does engine wear from abrasive particles accelerate? 

a. If the engine is operating at low speed 

b. If a heavy grade oil is used 

c. If the engine lubricant is diluted 

Ser!t?in? ati ° teapcrature ran * e *■ considered ideal for engine 

a. +32° F to 50° F 

b. ♦SO 0 F to +85° F 

c. +85° F to 110O F 

SSSktSt fe CUnatlC COnditions does «*• oil filter sludge over the 

a. Cold and humid 

b. Hot and humid 

c. Cold and dusty 
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1. INTRODUCTION. 

.at.lv a Vm hZ?!.* 0 ? 1 ?! c ? ol * n * s y aten ^ called upon to eliminate approxi- 
AlthiLS Irif a? °f th *, neat S enep ated during the combustion process, 
ii i 0 t 8 L^r t 5 8Si ?' ted ¥, th * £ ooling systen represents wasted energy that 
will LJSn«J?«5 ?H US ! fU i WOPk ' fc i e temperature limitations of cylinder 
tSi. F f 2? the tendency of fuels to detonate at elevated tempera- 

tures make heat dissipation mandatory. On the other hand, it is desirable to 
?£! P ?- # £ h * ?° gin * at temperatures close to the limits imposed by "el and 

* the engine g refiectJd 

m.. u 4' . Usuall y» a cooling system functions by circulating a liquid 
??SiS ; 1a f«ts surrounding the cylinders, head, and valves. The circulating 
iiSf«! t8 $ PbS hSat a ?2 transfers it to a heat exchange unit known ^°^ acing 
3 ^SSSi. tSfcST ? iS ^ turn transferred to the^bient air. This type 
or cooling system is known as liquid cooling. Because liquid cooliiw is the 

52oS°52 tit* 0 '*- C °2 ling W d ^ th« automotive field most of tnis"' 
lesson will be centered around It. 

■■rw* m So ? e J ijBes « cooling system has no circulating liquid, but depends 
upon the direct transfer of heat through cylinder walls to the atmosphere. 
This system is known as air cooling. H 
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d. Diesel and gasoline engine cooling systems are similar mechan- 
ically; however, as the diesel runs cooler, it is not necessary that the 
capacity of its cooling system be as large as that of a gasoline engine* 
Diesel engines usually have the same size radiators as gasoline engines, but 
the speed and size of the fans are reduced* 

2. COOLANTS. 

a. Water is the most widely used coolant for liauid-cooled engines 
as it is usually available, costs practically nothing, anu its boiling point 
falls within the range of efficient operating temperatures. Water used for 
coolant should be clear and soft. The main objection to the use of water is 
that it has a high freezing point and cannot be used alone at temperatures 
below +32° F. Ethylene glycol is used in most engines where the cooling 
system is sealed. Its advantages are that *t does not evaporate in use, has 
a higher boiling point than water, and does not require renewal unless lost 
through leakage. 

b. When a liquid-cooled engine is operated where the atmospheric 
temperatures fall below +32° F f an antifreeze solution must be added if water 
is used as the cooling liquid. The four solutions in common use are methyl 
alcohol, ethyl alcohol, glycerin, and ethylene glycol. The first two, 
prepared commercially as antifreeze, are the cheapest and provide adequate 
protection when used in sufficient quantities. The main objection to them is 
that they boil and evaporate if the normal operating temperature is exceeded. 
Glycerin offers the same degree of protection as alcohol and does not evapo- 
rate in use because it has a high boiling point. Ethylene glycol (antifreeze 
compound) has an extremely high boiling point (+330° F), does not evaporate 
during use, is noncorrosive , has no odor, and gives complete protection when 
used in the proper amount. The best protection from freezing is obtained 
from a solution of 40 percent water and 60 percent ethylene glycol antifreeze 
compound. This mixture gives protection at temperatures as low as -65° F. A 
higher concentration of ethylene glycol antifreeze compound will only raise 
the freezing point of the solution. If a 100 percent ethylene glycol anti- 
freeze compound is uaed, the freezing point is not much below that of water. 
Other antifreeze solutions, however, do not show this increase of freezing 
point with increasing concentration. For instance, methyl alcohol freezes at 
-HUO F while ethyl alcohol freezes at -174° F. 

c. The cooling system must be free of rust and scale in order to 
maintain its efficiency. The use of inhibitors (rust preventives) will 
reduce or prevent corrosion and the formation of scale. Inhibitors are not 
cleaners and do not remove rust or scale already formed; they are merely 
added to the cooling liquid to arrest further rust or corrosion. Most com- 
mercial antifreeze solutions contain an inhibitor. If water alone is used as 
the coolant, an inhibitor should be added. 

3. USE OF ANTIFREEZE SOLUTIONS. 

a. The practice of keeping antifreeze solutions in engine cooling 
systems in operating vehicles throughout the warm weather period is recom- 
mended. The practice of reclaiming used antifreeze solutions is authorized 
and is recommended. 

b. During use, some antifreeze solutions are subjected to conditions 
which tend to deplete their corrosion-inhibiting properties. Conditions that 
may lead to this depletion are high speeds, heavy loading of the engine, rust 
deposits in the system, etc. It is not possible to predict when any of these 
conditions will lead to the corrosion of the cooling system in a given engine 
because of the varying extent of each condition. It is certain, however, 
that corrosion will eventually take place if the solution is kept in the 
engine cooling system for longer duration. 
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4. DRAINING AND REFILLING ANTIFREEZE SOLUTION. 



a. At the end of each cold weather season, antifreeze solutions may 
be drained from engine cooling systems by opening the radiator drain cocks 
and engine block drains. Vehicles required to be maintained combat ready 
will not have their coding systems drained but will be checked for maximum 
protection. Solution will be added as required. 

b. After draining antifreeze solutions, cooling systems should be 
refilled with fresh clean water and a corrosion inhibitor. Five ounces of 
inhibitor are required for each 10 quarts of water. The inhibitor should be 
dissolved in warm water and poured into the radiator while the engine is 
idling. 

c. In preparation for the cold weather season, completely drain the 
cooling systems* (when required) and refill them with fresh antifreeze solu- 
tion in accordance with the following criteria: 

(1) In areas where the lowest temperature that may be encountered 
is below -55° F, use an arctic grade antifreeze. Do not dilute arctic grade 
antifreeze with water or inhibitor; it is ready for use as issued. 

(2) In areas where the lowest temperature that may be encountered 
is -55° F or higher, use ethylene glycol antifreeze. Prepare ethylene glycol 
antifreeze solutions in accordance with instructions in the protection tables 
printed on the antifreeze containers. 

(3) In addition to normal protection, for those vehicles required 
to be maintained combat ready, a sufficient quantity of ethylene glycol anti- 
freeze will be continuously available to provide for maximum protection to 
-55° F at the time of movement. 

(4) Test the solution in the cooling system with an antifreeze 
tester to insure that the coolant will not freeze at the selected estimated 
temperature. The freezing protection of the solution is determined from 
readings in the tester by referring them to the protection chart. 

5. LIQUID COOLING SYSTEM OPERATION. Cooling of the engine parts is 
accomplished by keeping the coolant circulating (fig 1) and in contact witl 
the metal surfaces to be cooled. The pump draws the coolant from the bottom 
of the radiator, forces it through the Jackets and passages, and ejects it 
into the upper tank on top of the radiator. The coolant then passes through 
a set of tubes to the bottom of the radiator, from where it is again circu- 
lated through the engine by the action of the pump. A fan draws air over the 
outside of the tubes in the radiator and cools the liquid as it flows down- 
ward. It should be noted that the liquid is pumped through the radiator from 
the top down. The reason for this direction of flow is that thermosiphon 
action aids the pump in circulating the coolant. This simply means that as 
the coolant is heated in the jackets of the engine* it expands, becomes 
lighter, and flows upward to the top of the radiator. Then, as cooling takes 
place in the radiator tubes, the coolant contracts, becomes heavier, and 
sinks to the bottom. This desirable thermosiphon action cannot take place if 
the level of the coolant is permitted to become low. 
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Figure 1. Cooling system circulation. 
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6. COMPONENTS OF LIQUID COOLING SYSTEM FOR SPARK IGNITION ENGINES. 



a. Engine water jacket. 

(1) The water passages in the cylinder block and cylinder head 
form the engine water Jacket (fig 1). In the cylinder block, the water 
Jacket completely surrounds all cylinders along their fUll length. Within 
tho Jacket, narrow water passages are provided between cylinders for coolant 
circulation; in addition, water passages are provided around the valve seats 
and other hot parts of the cylinder block. 

(2) In the cylinder head, the water jacket covers the combustion 
chambers at the top of £he cylinders and contains water passages around the 
valv* seats when they are located in the head. The coolant flows from the 
cylinder block up into the cylinder head through passages called water 
transfer ports, A tight seal at the ports between the cylinder head and 
block is very important. The watertight seal at the ports, as well as the 
gastight seal at the combustion chamber openings, is obtained with one large 
gasket called the cylinder head gasket. 

b. Radiator. 

(1) Radiators for automotive vehicles using liquid cooling sys- 
tems consist of two tanks with a core between them to form the radiating 
element. The upper tank contains an outside pipe called the radiator inlet, 
and it usually has a coolant baffle inside and above or at the inlet opening. 
The radiator filler neck is generally attached to the upper part of the upper 
tank and has an outlet to the overflow pipe. The lower tank also has a pipe 
opening (radiator outlet). 

(2) The upper tank collects incoming coolant and distributes it 
across the top of the raiiator core. The baffle in the tank assists in 
distributing the coolant to the water tubes and also prevents coolant from 
being thrown out of the radiator. The overflow pipe provides an opening from 
the radiator for escape of coolant or steam that otherwise might cause exces- 
sive pressure, which would rupture the thin metal walls of the radiator. The 
lower tank collects coolant flowing from the core and discharges it through 
the radiator outlet. 

(3) Tubular radiator cores (fig 2) consist of a large number of 
vertical water tubes and many horizontal air fins around the tubes. Water 
passages in the tubes are narrow and the tubes are made of thin metal. The 
core divides the coolant into very thin columns or ribbons, thus exposing a 
large radiating surface to the volume of liquid to be cooled. 

(4) Most vehicles, both military and civilian, utilize a pres- 
surized radiator cap. The pressure cap (fig 3) contains two spring-loaded 
normally closed valves which seal the cooling system. The larger valve is 
called the pressure valve and the smaller one the vacuum valve. A shoulder 
in the radiator filler neck provides a seat for the bottom of the cap 
assembly and a gasket on this seat prevents leakage between the cap and the 
filler neck. By closing off the overflow pipe opening, the pressure cap 
prevents overflow loss of coolant during normal operation. It also allows a 
certain amount of pressure to develop within the system, thereby raising the 
boiling point of the coolant and permitting the engine to operate at higher 
temperatures without coolant overflow from boiling. 
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Figure 2. Tubular radiator core construct! 




Figure 3. Pressure radiator cap. 
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c. Water m^n 



coolant. Tta 1 Ju£\S , !). C 2iih , ir2aiJ"I!US2 r PUnPS t0 the 
the angina block7reeeivea coolJnt ttH tol*^ 2° the front or s "a of 

tha watar Jacket into the u tLl tS « T Unk ^ for °« it throurfft 
an impeller with ouSel iS foreJ ihe clafan? £/ 0 ? ntPlfu « al *nd has 

rotates. The pump and fan usualE .2 I outward aa the impeller 
in turn, driven by P a puLVat^e af^oTt'oSSSU?*" that iS * 




figure *». mater yuwy. 

it i, i n«vr»nai Advant ages of the centrifugal pump over other types are that 
it is inexpensive, circulates great quantities of liquid for its size and i* 
not clogged easily by small articles of dirt. another advantage il thS tt 
rlwiS. d CirCUlati0n by thermosiphon action even it the engine if not 

fh« ~.*<il Fa " an 3 ghrouq-. The fan circulates a large volume of air through 
It J d ifir °* r f; In add iti°n to removing heat from the radiator, this flow 
of air also provides some direct air cooling for the engine Military 

Si'Sd S t h rf a n fte ? h f qUiPPed /i th a / unn *i-i>« structure" (shrouc 'around >nd 
cooling (fig 5 ) directs the flow of air for most effective 
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6. Thermostat 



(1) The water pump starts the coolant circulating through the 
system as soon as the engine is started, no matter how low the temperature. 
A thermostat, installed to insure quick warmup and prevent overcooling in 
cold weather, regulates the engine temperature by automatically controlling 
the amount of coolant n owing from the engine block to the radiator core* 

(2) The thermostat is a heat-operated unit that controls a valve 
between the water jacket and the radiator. A typical thermostat is shown in 
rigure 6 and consists of a flexible metal bellows attached to a valve. The 
sealed bellows, whi^h is expandable, is filled with a highly volatile liquid 
such as ether. When the liquid is cold, the bellows chamber is contracted 
and the valve is closed (fig 7). When heated, the liquid is vaporized and 
expands the chamber. As the chamber expands, the valve opens (fig 8). When 
the angina is eold, the thermostat is closed and the coolant is recirculated 
through the water Jacket without entering the radiator. As the engine warms 
up, the valve slowly opens and some of the coolant begins to flow through the 
radiator, where it is cooled. 




Figure 5. Cooling fan, drive Figure b. Thermostat, 

belt, and shroud. 

(3) The thermostat is located between the water jacket and the 
radiator, usually in the housing of the cylinder head water outlet elbow. It 
is so constructed that if it fails to function properly, it will fail in the 
open position and allow free circulation of water through the engine. 
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Figure 7. Thermostat closed, 



Q«m HARM VALVE OPENED Bf 
THERMOSTAT ALLOWS WATER TO CIRCULATE, 
THROUGH THE ENGINE AMD THE RADIATOR 

Figure 8. Thermostat open. 



3tIK to oV*n. reaCh " thS Pr ° per <»«Vr*t»r: the shuttera 
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"•"I* tank, which is .alntaln.a ahov. atioapheric hreaajre i» 

uuTSJSJi-A ass.*" u "" d t0 60 r,dUt " ? « 
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g. Miscellaneous fjjttings . 

(1) Drain cocks . A drain cock or removable screw-type plug is 
located at the bottom tank of the radiator or at the outlet to permit drain- 
ing of the coolant* Similar points of drainage are provided for the engine 
block. In some systems, there will be a drain cock or plug - in the pump 
housing if it is the lowest point in the system. For complete draining of 
all parts of the system, every coolant drain plug must be removed and every 
drain cock opened. 

(2) Sfcej n escape and recirculation tubes . Some overhead valve 
engines have a coolant tube that connects the rear end of the cylinder head 
with the top tank of the radiator, thu* allowing the escape of steam from the 
water jacket without causing overflow loss. Coolant flows through this tube 
into the radiator even with the thermostat valve closed; therefore, to pre- 
vent overcooling of the engine during cold weather, the tube is equipped with 
a shutoff valve that can be closed. In another design, the tube from the 
rear of the cylinder head is connected into the thermostat bypass so that 
coolant flowing in the tube is recirculated in the water jacket without 
entering the radiator. 

(3) Core hole Plugs . Engine water Jackets contain a number of 
round openings which are sealed by metal plugs driven into the holes. These 
openings in the outside walls of the cylinder block or cylinder head are 
necessary in the casting process, but perform no cooling system function. 
The core hole plugs which permanently close these openings are often incor- 
rectly called freeze plugs. Although core hole plugs may be forced out by a 
solid freezeup in the water jacket, they are not a safety device that can be 
depended on for the prevention of f reeze-craeking damage in the engine. 

7. COMPONENTS OF LIQUID COOLING SYSTEMS FOR COMPRESSION IGNITION 
ENGINES. Our combat vehicles of today commonly employ V-6 and V-8 diesel, 
liquid-cooled engines. 

a. v-8 engine cooling system (fig 9). 

(1) The cooling system consists of two radiators, a surge tank, 
water pump, oil cooler, cooling fan, two thermostats, interconnecting lines, 
hoses, and ducts. The water pump drains water from the bottom of both radia- 
tors and the surge tank, forcing it through the oil cooler into the engine 
water Jackets. When the engine is at normal operating temperature, the water 
passes through the thermostats to the radiators with a portion circulating 
through the surge tank. When starting a cold engine, or when the water is 
below operating temperature, the thermostats are closed, causing the watar to 
flow through the bypass tube back to the water pump intake. 

(2) The surge tank collects gases in the cooling system, caused 
by aeration of the coolant or compression leaks, and vents the gases to 
atmosphere when pressure exceeds 14 pounds per square inch gage (PSIG). 
Gases are collected from the radiators and the engine water pump elbow. The 
cooling fan draws air for the powerplant and radiators through deck grilles 
in the front of the turret deck and top of the vehicle and forces the air 
through the two radiators into the engine compartment. Air in the engine 
compartment flows on all sides of the powerplant and is exhausted through 
grilles on the right side of the vehicle. 
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Figure 9. V-8 engine cooling fan. 
V-6 engine cooling avatem (fig 10 and 11) 

(1) The engine cooling system consists of a radiator, coolant 
pump, thermostat, oil cooler, and connecting lines and hoses. The radiator 
is mounted on the right side of the powerplant top cover. The pump, 
thermostat, and oil cooler are integral parts of the engine assembly. 

- , , (2) Coolant is drawn 4>y the pump from the bottom of the radiator 
and circulated through the oil cooler, cylinder block, and cylinder heads to 

it% w r m °!^S £ 0USing A rt The t^rmostat is a full bypass-type with ranges of 
161° F tc 169° F and 181° F to 189° F. 

8. AIR COOLING SYSTEMS. 

a. General. 

(1) Air-cooled engines, a commonplace powerplant for aircraft, 
are presently finding continued acceptance in military motor vehicles. 
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Figure 10* V-6 powerplant— left front view, 

(2) Since an air cooling system does not employ a liquid coolant, 
it is often assumed that air alone acts as the cooling medium* However, this 
is not true, since the fuel and Jaxl>pic^t±on systems _a l so hgjjx- in cooling the 
eng ne. the lubrication_*ystem for an air-cooled engine often includes an 
oil cooler (fig 12> iffiat circulates the oil between the engine and the 
cooler, and removes heat from the engine as it does so. In addition, some 
cooling results from the fuels contacting metal parts prior to combustion. 

b. Components and functioning. 

(1) There are several physical characteristics peculiar to the 
automotive air-cooled engine: the cylinder head and barrel are heavily 
finned for strength and adequate cooling*, air deflectors, shrouds, or baffles 
direct the airflow to the cylinders and increase its velocity; and cooling 
fans are used to increase the volume and speed of air circulating around the 
cylinders, 

(2) Construction of the parts required for air cooling embodies 
severax fundamental principles of cooling. The rate of cooling is dependent 
upon the area exposed to the cooling medium, the heat conductivity of the 
metal used, the volume of metal or its size in cross section, the amount of 
air flowing over the heated surfaces, and the difference in temperatures 
between the exposed metal surfaces and the cooling air* 

(3) Fans, located on top of „e engines (fig 13) » are driven by 
shafts and gears from the crankshaft, causing them to rotate at high speed* 
The fans circulate air through the openings around the cylinders so that 
cooling takes place* 
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Figure 11. V-6 engire cooling system— schematic view. 
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Figure 13. Radial engine flywheel with cooling fan. 

„.„ _ <■> The cooling airflow nay be either from fan to cylinders 

2T.u?IS !?: ^"""k? 1 ? P ! f !. rre ? t !- 0 83 P pessure o«- suction cooling. Excellent 

obtained by either method, but suction has the disadvantage of 
requiring about one percent more of the gross engine power, due to the 
increased air temperature to the fan, and the lack of turbulence that is 
ordinarily found at the fan outlet. 
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tures den^nH „„ ill ,? 8 ? cylinder design, tne operating metal tempera- 
thl LUnH^n. 9 ?« h ?« C °?, Ung alr ? uant iti« supplied and the effectiveness of 
the cylinders utilization of this air. The cooling air requirements can be 

° h ?u ge ! ln the fln area ? ••••• hl « h output aircraft engines Save 

22 1 ; e°xolo h ited fi LT h a a i°„ f Vehi ^ le engineS ' In this oase? ?he ext'ra" 
thf P 7 0 obtain increased output. If there were need to reduce 

the cooling airflow on vehicle engines, a considerable saving on fan power 

?h°e cvlind e ^r te TH by rr n °r eaSing the fln area ' thou * h at an increased Si? of 
the cylinders. The finning used in most vehicle engines is considered 
neither expensive nor difficult to manufacture. conferee 

en«rine is *h. n™?! fiT con sideration, when installing an air-cooled 
acfessibnit! P ?hf •rjffi f0P * the C00ling air and ' at tne 3arae time, maximum 
or exU duets' 0 system should not have constricted air entrances 

or exit ducts and velocities of 45 feet per second are ordinarily recom- 
5 the'cvMnd 31 / T bS d * 3oha ^ e d from the fan into a plenum chamber a^ead 
the TnJll ff'n An , e< > uan y effective arrangement incorporates, as a part of 

Sas SI Ia;.S«! U S i Hf JS?^T en the f3n and P^Plant. The former method 
advantage of permitting more accessibility to the engine when the 
installation space is limited. For military vehicles, it is necessarv to 
eliminate belt drives for the fan and provide a method of u!lSadi!I the far. 
for underwater operation so as not to overload the fan drive. Acentrifu- 

Sternative ^th f3 H 1?" 'S 0 " 0 " ° lut0h giv " the ^ioT. 2 

alternative method is an eddy-current electric drive, which has the iddi- 

Si„Ti v adV f ntage .° f D <-° vidin * temperature control for 51 cyKnders. Tnls is 
done by using a temperature-sensitive element on the cylinders which controls 

temp'eratire ' thU * regulatin * tha fan 3 P eed to suit the cylinder 

. . « (4) witn a fin depth of 1 inch, the metal temperature at the eom 

Doint°«f 0l ? a ? ber ^T 1 13 5 ??° F and the average fin temperature ?s 380® F. ™ 
SSieJ ?f 1 i ^ ereSt iS K th ? ^ temperature of the fin metal out to the tip, 
?Ei SiJiJd 3 « aSl ° POi f ° f '"P" 1 ™' 1 '* of the air-cooled engine over 

tne ool; ? h ? e0a rf e ° f the higher temperature differential between 
the cooling air and the fin metal in the air-cooled engine, the cooling air 

co^rabli 0 ^ 1 "^ 1 " f a 5 6 temperatures is about one-half that reared for a 
comparable liquid-cooled engine. 

overheating ^ihJ 1 !.^^""?! ^ a " ^P^t^t part in keeping the engine from 
overheating The heated oil from the engine passes through the cooler, which 
acts much like the radiator used with liquid -cooled engines. Here the oil 

us" Lo UP sl eat oi f f 0 « T engi ?: a0d 13 °° 0led by the rSfSS Some 'engine^ 
I- ¥ coolers. The coolers cool both engine and transmission 

1 1? .! eP ! r « at ? COr " f0r eacn - The fan3 " 3g d with the oil coolers are 
driven from the driving gear in the transmission through a gear train and 

as a ^" Vr?!. 51 ^?" in tne fr0nt fan 3hroud3 ' The clutches serve 
" a ™f n ' 0f regulating oil temperature since they engage only when the 
i!f? e h*l «?«!i Ce ^ S 3 certa in value. When this value is exceeded, thermo- 
rl< a * <l 03 % and ° au3e tn * olut che 3 to engage. The fans then operate. 
This Permits faster engine warmup since the oil cooler fans do not operate 
when the engine is cold. 

°* Comparison of ai r- and liquid-cooled engines . 

. . . . ( !> Plumbing difficulties. Freedom from plumbing difficulties is 
the obvious advantage of air-cooled engines. The average water-cooled engine 
coolant system has tt to HO hose clamps, with passenger cars averaging about 
„ ! e are an Potential points of leakage, and, together with the water 
pump and the jacket plugs and gaskets, they form literally hundreds of places 
for leakage trouble. Service records show that about 20 percent of service 
iTSrr'Sii 2? *u milit ary vehicles are caused by cooling system faults and 
nearly all of these are of the type which can be eliminated by the air-cooled 
£ n ^ x n © • 
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(2) Anting? trpufrlgq. 

(a) Antifreeze troubles are listed separately since they are 
such a severe problem in a great many regions of the world. From the mili- 
tary view the antifreeze problem is particularly troublesome, but commercial 
operations are equally plagued with the complaint* Some fleet operators let 
engines idle for a few hours, or drain the system, rather than contend with 
the expense and uncertainty of ordinary antifreeze protection. In addition 
to the freezing problem, liquid-cooled engines suffer from clogging of the 
radiator and other coding system components. 

(b) Clogging of air-cooled cylinder fins with dirt is not 
often encountered, even .in the extremes of military use. This is because the 
fins are so closely associated with the shock of combustion which shakes 
ordinary deposits loose. An exception to this occurs in amphibious vehicle 
service when air cooling fans are sometimes blocked by waves breaking over 
the engine compartment, thus forcing salt water through the fins. Some salt 
remains on the fins until a buildup results in clogging. A fair percentage 
of fin area can be clogged in this manner without any interference with 
engine operation. 

(3) Weight. The air-cooled engine is basically lighter, espe- 
cially when built in the horizontally-opposed arrangement. Studies show that 
air-cooled engines have less volume of metal in the cylinder from the 
crankcase out to the tip of the cylinder. In addition, most of this is 
aluminum. 

(*0 Fan power. 

(a) There is ample evidence to show that air-cooled engines 
can be made so that less power is wasted in cooling. Where there is no 
assist from forward motion of the vehicle, the engine power used for cooling 
is in the region of 5 percent of the gross power. At a vehicle speed of 
about 70 miles per hour, no cooling power would be required by the fan. 

(b) Since the quantity of air required for cooling an air- 
cooled engine is about one -half the quantity required for a water-cooled 
engine, smaller ducts to and from the engirt are used. This is a distinct 
advantage in most vehicles, since less area is required inside the vehicle. 

(5) Serviceability. Serviceability (ease and cost of mainte- 
nance) is about equal in most evaluations. The advantage of individual 
cylinder construction is partly offset by the crankshaft inaccessibility. 

(6) Long life. The air-cooled engine has a background of service 
life information established in the aircraft industry and in military use in 
this country and in Europe during the last 20 years, including about 
30,000,000 horsepower installed in tanks in World War II. This record 
indicates that the air-cooled engine is equal to the present-day liquid- 
cooled vehicle engine. 

(7) Noise* Noise is generally regarded as more severe in 
air-cooled engines than in liquid-cooled engines, since it is claimed that 
the water and extra metal density of the liquid-cooled engine give sound 
suppression. 
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process because there is less thermal lag, due to less mm in »L?[?„ P 
oower output ^L^ffi*^"*^?" T" a1 AlY- Detonation is about equal at equal 

SS^^J^JS^SSSSTJSSr ul11 r " b " ly 

slw; - ^sSp&i*S2s ^zrtssss zj? 

in!x."^™na? n 5 u5i?!ca n „c5 ° a " ° f •»«»»•. "«t thl. 13 of 

EXERCISE 

56 * Si P era?ures? eZe SOlUti ° n P™«« -naximum protection from freezing 

a. 60 percent water and 40 percent methyl alcohol 

b. 40 percent water and 60 percent ethylene glycol 

c. 60 percent water and 40 percent ethylene glycol 

57. When should used antifreeze solution be discarded? 

*' P^r5!od th of S Urae i0n U3 re3istance to freezing after a short 

fiscos th ity et t h hf c kens SlyC01 evaporates to a where the solution's 

C> P^oJoSged^e' 10 " l0SeS U3 COrrOSion inciting properties after 
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JolS^'SSIS^ ™" * * C °° lant 0th " tha " the glycol 



a. +25° F to +90° F 

b. +50° F to -30° F 

c. -60° F to +25° F 



59, 



lS^eS^ffSL 1 ^^ 0 ^ ¥ pUmping engine c00lant from th * bottom 
instead of from the top of a radiator? 



h* th! e * pan3i ° n and contraction of the water aids the pump 
|he thermostat can be designed as a one-way valve 



c The coolant remains around the valve seats for a longer time 
60. What is the purpose of the baffle in the upper tank of a radiator' 

a. To prevent overfilling of the cooling system 

b. To assist in distributing the coolant to the water tubes 

c. To regulate the coolant flow to the lower radiator tank 



OS 607, 5-P17 



61. The passages through which the coolant flows from the cylinder block into 
the cylinder head of an engine are called 

a* water circulation tubes. 

b. water jackets, 

c. water transfer ports, 

62. What is gained by the use of a pressure cap on a radiator? 

a. The boiling point of the coolant is raised 

The requirement for a surge tank is eliminated 
c. The thermostat will open at a lower temperature 

63- Which statement is TRUE in a comparison of the pressure and suction types 
of air cooling of engines? 

a. The pressure type requires more power to be driven 

b. The suction type does not generate turbulence at the fan outlet 

c. The pressure type has a higher air temperature at the fan 

64. What prevents air-cooled cylinder fins from clogging with dirt? 

a. The shock of combustion 

b. The extreme length of the fins 

c. The shape of the shroud 

65. In a comparison of liquid- and air-cooled engines, which statement is 
TRUE? 

a. Air-cooled engines are more difficult to maintain 

b. Air-cooled engines are heavier 

c. Liquid-cooled engines are less noisy 
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RESPONSE 

101 CORRECT, The snaprings will prevent the pin from working out 

against the sides of the cylinder, 

103 CORRECT. The engine mounting supports are an integral part 
of the erankoase. 

104 Para 2d 

109 Para 6b(4) 

110 Para 7d(3) 

112 Para 5b 

113 CORRECT, The piston rings are the most important engine 
lubrication points, 

116 Para 4b(5)(b) 

117 CORRECT. More power can be obtained from the same amount of 
fuel. 

119 Para 7b 

124 Para 12 

129 CORRECT. This special shaped piston promotes even combustion 

for a variety of fuels. 

133 Para 14c 

138 Para 8c(2)(b) 

143 Para 10g(1) 

147 CORRECT. Arctic grade antifreeze is used when temperature is 

below -55° F. 

152 Para 2h{ 1) 

156 Para 4c 

164 Para 5d(2) 

166 Para 7a 

167 Para 6d<4) 

178 Para 7b 

179 Para 6a(2) 
188 Para 6c(2)(c) 
191 Para 4a(2) 

* Note » - If your response is not marked CORRECT, refer to the paragraph, 
figure, or table listed for the correct answer. 
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192 Para 3d; 1) 

19* Para 6b(2) 

195 Para 6e(3) 

197 Para 10c 

204 Para 4b(5)(b) 

206 Para 3b 

207 Para 8b(3)(a) 
213 Para 3c(1)(b) 
215 Para 5a 

223 Para 3c 

227 Para 6f(4) 

231 Para 2a 

235 Para 2a 

236 Para 8b 

239 CORRECT. At higher temperatures problems may exist. 

241 Para 3a 

242 CORRECT. The main bearing is provided with lip or thrust faces. 

243 CORRECT. For each stroke of the piston the crankshaft will 
revolve cnce. 

248 Para 17 

253 Para 4*C>} 

256 CORRECT. Gasoline engines operate on high octane, high volatile 

fuels, which can only be produced from a small area of the avail- 
able fuel spectrum. 

259 Para 3c (2) 

264 Para 3d(1) 

268 Para 6b (2) 

274 CORRECT. Oil adhering to a rotating shaft is carried along by 

the motion of the shaft. 

276 Para 7c 

277 CORRECT. And there can be an innumerable variation or combina- 
tion of the three conditions. 

278 Para 4c 

279 CORRECT. Oily the portion that is vaporized at any interval 
will burn. 



28* CORRECT. It also permits the engine to operate at higher temper- 

atures. 

288 CORRECT. Also, this would simplify servicing and training proce- 
dures. 

289 Para 2a 

290 CORRECT. Rack position is obtained when the piston is at TDC and 
BDC. 

292 Para 3e(1)(c) 

293 Para 15f 

295 CORRECT. In addition, more air is actually available for combus- 
tion, 

296 Para 2J(1) 

298 CORRECT. One of the reasons the diesel engine was selected was 
because of the type of fuel. 

299 CORRECT. This system can also be found in th* opposed engine. 
304 CORRECT. Very little filtering of oil occurs when oil is cold. 
309 Para 3a 

311 Para 6g(2) 

316 CORRECT. When the coolant is heated in the Jackets of the engine 

it expands and becomes lighter. 

323 Para 6d(4) 

324 Para 3e(D(b) 
326 Para 14c 

330 Para 17 

333 CORRECT. However, to overcome rolling, friction consumes a 

lesser amount of power and produces a lesser amount of heat* 

336 C'-aRECT. It will fit the cylinder whether the pistons are hot or 

cold. 

341 Para 3e<D(a) 

342 CORRECT. The mechanical efficiency is the relationship between 
the power produced in and power delivered by the engine. 

347 Para 4b and d 

349 Para 2g 

350 CORRECT. The best protection from freezing is obtained from a 
solution of 40 percent water and 60 percent ethylene glycol. 

356 Para 6e(3)(b) 
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8 CORRECT* Also, from the connecting rod bearings to the piston 

pin bearings. 

362 Para 9b(3) and fig 12 

367 Para 6b(4) 

369 CORRECT. The crankshaft may have one or more throws. 

375 Para 7a 

378 CORRECT. This is also true with 1 and 8. 

379 Para 4b(1)(c> 

382 CORRECT. The rings do not form a perfect seal and should be 
staggered during installation. 

389 Para 4c(1) 

390 Para 3b(4) 

391 Para 11a 

392 Para 3a(2) 

393 Para 6a(2) 

394 Para 2i 

396 CORRECT. The head is threaded and is screwed and shrunk onto the 
cylinder barrel while the head is heated. 

397 Para 4a<1) 

402 Para 4c(1) 

403 Para 5 
403 Para 3&<2) 
409 Para 2e 
412 Para 4a(2) 

415 CORRECT. You may also find the L0 number in the TM that covers 
PM services. 

416 CORi.SCT. This is so that it will almost touch one side of the 
pump housing. 

417 CORRECT. There is generally less noise in the liquid-cooled 
engine than in the air-cooled engine. 

420 Para 9c and fig 12 

421 Para 3a 

422 CORRECT. Amphibious vehicles operating in salt water often will 
have salt remain on fins until a buildup results in clogging. 

423 Para 2h(1) 
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425 CORRECT. Antifreeze solution should be checked and changed when 
needed* 

426 Para 11 and fig 14 

427 Para 7d(3) 
429 Para 4e(1) 
432 Para 3b(4) 
437 Para 2e(1) 
442 Para 6f(4) 

452 CORRECT* Also, the result is a more perfect fit between piston 

and cylinder walls. 

*57 Para 6c(3)(b) 

463 CORRECT. We can also relate to this as horsepower. 

465 Para 6c(2)(c) 

471 CORRECT. With its special intake port, induction air is given as 

swirling motion which persists into the combustion chamber. 

477 CORRECT. The water passages through which coolant flows from the 

cylinder block are called transfer ports. 

482 Para 5a 

48: Para 3a 

485 CORRECT. With the camshaft placed in the cylinder block the 
distance would be long. 

486 Para 12 

490 Para 9b(3) and fig 12 

491 CORRECT. This engine can also operate on a wide range of hydro- 
carbon fuels. 

492 Para 13b 

493 CORRECT. This force is sufficient to remove any vapor out of the 
crankcase* 

496 CORRECT. Another way to say this would be to prevent metal-to- 

metal contact in moving parts. 

498 CORRECT. This can be through high engine temperatures or through 

fuel dilution. 

500 Para 4b(1)(c) 

501 CORRECT. The link between the crankshaft and piston that 
transmits up-and-down motion is called the connecting rod. 

504 Para 8c (7) 

505 Para 6g(2) 
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Para 8c(2)(b) 
Para 7c 

CORRECT* This will reduce load-carrying ability of the 
lubricant* 

Para 11a 

Para 4a(1) 

Para 2e(1) 

Para 8b 

CORRECT. Intake, compression, power, and exhaust, in that order 

Para 5b 

Para 5d(2) 

Para 2d 

Para 3c(1)(b) 

Para 3a(2) 

Para 13b 

CORRECT. Suction requires about 1 percent more of the gross 
engine power. 

Para 11c 

CORRECT. It also prevents coolant from being thrown out of the 
radiator. 

Para 9c and fig 12 
Para 6a(2) 
Para 6a(2) 
Para 4b and d 

CORRECT. This is one of many that meet Army requirements for 
this engine. 

CORRECT. Burning of evaporated fuel prevents an accumulation of 
larger amounts of vaporized fuel. 

CORRECT. Pripr to the use of iron alloy, gray cast iron was 
used. 

CORRECT. Horsepower depends on both speed and torque. 
Para 3e(1)(a) 

CORRECT. The flywheel stores up energy of rotation when the 
instantaneous torque on the crankshaft is greater than average • 

CORRECT. As air passes over the rotating regenerators, it will 
heat up. 

6 
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590 Para 2b 

591 CORRECT • This type of chamber requires higher injection 
pressure. 

59** CORRECT • Through this part air continues to supply oxygen to tL- 

slowly evaporating fuel. 

595 CORRECT. At the top of the compression stroke, both th* intake 

and exhauat valves are closed to prevent fuel and air mixture 
from escaping* 

597 CORRECT. The heat is transferred to the adjacent metals. 

612 CORRECT. This is the moat common method. 

615 Para 8o<7) 

617 Para 3e(1)(b) 

627 CORRECT. It reduces exhauat noise so that no muffler is 
required. 

628 Para 11 and fig 14 

629 Para 6e(3) 

630 Para 10c 

631 Para 2b 

634 CORRECT. With this unit the power output is the same regardless 
of fuel used. 

635 CORRECT. They can also be easily replaced. 

636 Para 4e(1) 

637 Para 15f 

638 Para 5 

639 Para 2g 

642 CORRECT. A partly filled crankcase may result in inadequate 
lubrication. 

643 Para 2J(1) 

647 Para 2i 

648 Para 8b(3)(a) 
657 Para 3c 

661 Para 10g(1) 

662 Para 4a(5) 
677 Para 3b 
679 Para 3c (2) 
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Para 11c 



690 CORRECT. This is true because the cylinders ara laid on thair 
sides, which reduces tha overall height and headroom for mounting 
the engine. 

691 Para 3a(1)(c) 
699 Para 3a(2) 
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* 

1. When aluminum heads are used on gasoline air-cooled engines, what is 
required that is HOT needed on engines using cast iron heads? 

a. . Stee 1 inserts in the spark plug holes 

b. Moncw#rrosive steel on the intake side of the heads 

c. Sodium filled intake valves 

d. Aluminum bronze alloy head gaskets 

2. Ethylene glycol antifreeze solution should be drained from cooling 
systems when operating vehicles in warm weather because it 

a. evaporates rapidly, 

b. boils at a lower temperature than water. 

c. loses its rust inhibiting property. 

d. is less efficient than plain water for dissipating heat. 

3. In what way is a liquid cooling system that utilizes a centrifugal pump 
more advantageous than systems that incorporate other types of pumps? 

a. Limited coolant circulation continues after the engine has stopped 
running 

b. Less power is required to drive the pump at high speeds 

c. Simplified construction is required to mount the cooling fan 

d. Adjustable impeller blades provide for a variation of coolant volume 
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4. What is the MOST essential property of diesel fuel? 

*• Low viscosity 

b. Good ignition quality 

c. High pour point 

d. Cleanliness 

5. What is gained by using cylinder liners in large motor vehicle engines in 
coaparison to a cast en bloc cylinder block? 

a. Engine will operate more efficiently 

b. Cooling system can i*e smaller 

c. Compression ratio c-'in be higher 

d. Cost of engine overhaul is less 

6. How does the Continental hypercycle differ from combustion chamber 
principles of other compression ignition systems? 

a. Fuel spray entering combustion chamber is shaped to fit the chamber 

b. Fuel is sprayed onto the walls of a spherical combustion chamber 

c. Fuel is injected directly onto the top of the piston 

d. Fuel is injected directly into an energy cell 

7. What type of engine uses a crankshaft where throws 2 and 3 are on the 
same plane and on the same side of the shaft? 

a, 8-cylinder, in-line 

b, 8-cylinder, V-type 

c, 6-cylinder, in-line 

d, 4-cyiinder, in-line 

8. Which 4-stroke-cycle engine will produce a maximum power overlap of 25°? 

a* 2-cylinder, in-line 

b. 4-cylinder, V-type 

c. 6-cylinder, in-line 

d. 8-cylinder t V-type 

9. If two layers of oil molecules separate the metals of a shaft and a 
bushing, what degree of lubrication exists? 

a. Partial 

b. Insufficient 

c. Boundary 

d. Sufficient 

10. What is indicated if the size of an engine is designated as 3 x 4? 

a. Compression ratio is 12:1 

b. Crankshaft throws are offset 2 inches from the center of the shaft 

c. Bore of the cylinder at the largest point is 4 inches 

d. Diameter of the piston is 3 inches 

11. What is an advantage of a piston having a slipper-type skirt over one 
with a trunk-type skirt? 

a. Greater strength 

b. Better control over the oil film 

c. Less friction on the cylinder walls 

d. Larger contact with the cylinder walls 
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12. Which is characteristic of the combustion process of a diesel engine?" 

a. The pressure on the piston is limited to the first half of the power 
stroke r 

b* The combustion is continuous during the entire length of the power 
stroke 

o. The volume of the mixture remains the same during the combustion 
process 

d " Its travel 10 " 13 ?reatest whlle the P lston i* at the bottom part of 
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Which is an example of the classification of a diesel engine? 

a. Medium speed 

b . 6-cyl inder . V-type 

c. Air-cooled 

d. Supercharged 

^Vil JFVJ 13 re< * uired *> drive the fan on a suction-type air-cooled 
system than on a pressure-type because 

a. the temperature of the air at the fan is lower. 

b. this type moves the air at a higher velocity. 

c. there is no turbulence at the fan outlet. 

d. the shrouds deflect the air at various angles. 

15. Which BEST indicates the operation if the piston is at top dead center 

UP or DOWN? 0 B0Ve 15 ° t0 2 °° wlthout "using the piston to move 

a. Salient position 

b. Valve timing 

c. Rack position 

d- Intake valve timing 

16. Which occurs in a 2-stroke-cycle gasoline engine? 

a. A partial vacuum is created in the cylinder during the downward 
stroke of the piston 

b. When the exhaust port is opened, pressure in the crankcase is higher 
than that in the cylinder 

°* I^fnna^ 1 !"! 6 created bv the exhausting of burned gases aids in the 
mixture intake 

d# III 6 f ^l- alr 1 «i*ture enters the cylinder after the upward movement of 
the piston closes the exhaust port 

What lubrication system helps lubricate the piston and cylinder walls by 
using the return of oil that lubricates the piston pins? 

a. vlash 

b. Splash and force-feed 

c. Force-feed 

d . Ful 1 fo rce -feed 

18. What type of oil pump is MOST frequently used in engine lubrication 
systems? 

a. Rotor 

b. Gear 

c. Vane 

da Plunger 
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19. Engines are MOST commonly classified by type of 

a. valve arrangement. 

b. cylinder arrangement. 

c. cooling, 

d. fuel, 

20 . What antifreeze solution will provide the BEST protection from freezing? 

a. 20% water and 80% antifreeze compound 

b. 50% water and 50% antifreeze compound 

c. 40% water and 60% antifreeze compound 

d. 60% water and 40% antifreeze compound 

21. What type of friction requires the least force to overcome? 

a. Fluid 

b. Static 

c. Sliding 

d. Rolling 

22. What will decrease the knock in a diesel engine? 

a. Increase compression ratio 

b. Decrease compression ratio 

c. Decrease volume of intake air 

d. Increase ignition lag 

23. What is the primary function of engine lubricating oils? 

a. Assist in carrying away engine heat 

b. Clean engine parts 

c. Reduce friction between moving parts 

d. Prevent blowby of combustion gases 

24. If the crankshaft of a 4-stroke-cycle gasoline engine rotates two 
complete revolutions in a clockwise direction, which statement is TRUE? 

a. The camshaft will rotate 360° 

b. Each piston will complete two power strokes 

c. The camshaft win rotate in a clockwise direction 
* d. Each piston will move up and down once 

25. What is the MOST important advantage of automotive vehicles equipped with 
diesel engines over those equipped with gasoline engines? 

a. Increased volumetric efficiency 

b. Better fuel economy 

c. Less fire hazard 

d. Increased reliability- 
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